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CODE DESIGNATION REVISED

CARBON AND LOW ALLOY STEELS (FeC)

1103 Fe-(T.15C)-0.9?M,-O.8801-O.50Cr-0.
4
6ro-0.3?Cu-0.265

1  
0-1 Dec 72

ULTRA HIGH STRENGTH STEELS (FeUH)

1201 re-(0.300)-0.95Cr-0.20Mo....................................................... 4130 Dec 73
1203 Fe-(O.4C)-ICr-0.2Mo ........................................................... 4140 Sep 74
1204 fe-(0.3C)-l.8,Ni-0.8Cr-0.4Mo-0.07V .......................................... 4330 V Mod Mar 69
1205 Fe-(0.35C)-I.SNi-O.SCr-0.35Mo-0.2V ......................................... 4335 V Mod Mar 65
1206 Fe-(0 .4C)-1.8Ni-0 .8Cr-0 .25Mo .... : ......................................... 4340 (4337) Dec 63
1207 Fe-(1C)-1.45Cr ................................................................. 52100 Jun 75
1208 Fe-(0.3C)-0.55Ni-0.5Cr-0.25Mo .................................................. 8630 Sep 72
1209 Fe-(0.IC)-3.25Ni-1.2Cr-O.1Mo .............................................. ... 0E 310 Mar 63
I?10 Fe-0.3C(S)0.28C(V)-l.3Cr-0.SMo-0.25V(S)0.85V(V) .................. 17-22 A(S).17-22A(V) Mar 75

1213 Fe-(0.46C)-1.0Cr- 1.0Mo-U.5bN ..........-................................... 6W. 06AC Jun 74

1214 Fe- 0.25C)-l.8Ni-I.5Si-1.3Mn-0.4Mo ............................................. HY-Tuf Mar 63
1215 Fe-(U.4C)-1.6Cr-l.IAIIO.6Mn-0.35Mo .................................. Nitralloy 135 Mod Mar 63
1216 Fe-SNi-0.55Cr-0.47Mo-0.075V................................... HY-130/140, 5Ni-Cr-Vo-V Mar 69
1217 Fe-(0.43C)- .PNi-1.6Si-0.R2Cr-0.4Mo-0.007V ...................................... 300-M Jun 72
1218 Fe-(0.4C)-SCr-1.3Mo-0.SV ..................................................... H-il Mod Sep 74
1220 Fe-1&',i-7.SCo-51o-Ti-Al ..................................... 18Hi Maraging (250 Grade) Sep 70
1221 Fe-MNi-4Co-Cr-Mo-V ............................................................ 9 i-4Co Mar 71

1223 Fe-lSNi-8.SCo-Po-Ti-A1 ............................. ........ 18Ni Maraqino (200 Grade) Mar 66

12Z5 Fe-13Ii-8.SCo-Mo-Ti-Al ...................................... 18'1i Maraqing 1300 Grade) Sep p!-

1.77 , tlrllur Stulen. Inc. ix
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CONTENTS

CODE DESIGNATION REVISED

AUSTENITIC STAINLESS STEELS (FeA)

1301 0e-18C, '................. ....................................... 7vICS 301 nd 3n2 '.ie 61
13023 Fv- I 8 r-"I *S or Sv . . . . . . . . .. . . . . . .. . . .. . . . ypes 303. 303 ?(' Ma 7:1
1303 Oe-(1 .o ............. .. . . . . . .. . . .. . . 0~ 304. 3041, 1-- 71
1300 Oe-Iscr-!?li . . . . .. . . . .. . . . . . . . . . . . . . . . . . . .. . .Tyor 3115 !A, 7"
130; F e-2SCr-2f)';i .. . . .I. . . . . . . . . . .. .I. . .I0. . . . . . . vo~p 311. 310S '4a 6-,
1306 Fe-25Cr-20! i-2Si . . . . . . .. . . . . .. . . . . .. .. . . . . . . . . vpe 314 Mar 63
1307 -Re1 Cr-1313~ o . . . . . . . . .. . . . . . . . .. . . . . . . . vpns 316. 317 liar 74
1302 Fe-l0Cr-!311i0'o .. . . . . . . . . . . . . . .. . . . . . . . . . . . . 1.. 11T0f 321 Jaun It,
1309 Fp- 19 C r-l12'!i? 1 O . . . . . . .. . . . . . . . . . . . . . . . . . ws 347 an,4. 300 Dec 77
1311 F 20ei1i15 t1 . .. .... .. .. .. .... . . . . . .. .

0
- L and 19-9 nA 

m
a, 63

131? Fe- 17Cr-6.5~n-A. 51;1 ... ... .. .. .. 01.. .. . ... .. .. . . . . . .. . . v eS
1313 Fe. 7Cr-['ýi-C"n-?f.u §. ......... ............................. 203F7 'a, 71
1310 Fe-Low (-210,--61:-QMon't. . ................... -...........- 21 -6-9

MARTENSITIC STAINLESS STEELS (FeM)

1 401 Fe-quow -1;r ..... . . . . . . . . .7.. . . . . 0,! 3, 411). 316 Cei. 71
140? loe-0 350 -1 .. . . . . . . . . . . .. t.. . . . . . . . . . . . ..."ll 403 On 7

....0.. .... 23. .. .. - ... .. .. 622 O . 73
1 404 F-3 20a 31 or7
1405 Fe-ýHqa ,)- 7( n "Il .. . . . . . . . . ý 4411 ., P, ' and to: 73
1407 ............:i .. . . . . . . . . . reca Asca,1n. "v 7f
1409 ...... ........ ...... -... -c 303 ' r (,5
1410 Fe- (Lowa ( - 12" ,r lL . . . . . . . . . .. . . . . . .. . . . . . 41 h lun 7?

AGE HARDENING STEELS (FOAH)

1501 ueI7 r 0 i . .. . . . . . . . . . .. . . . . . . . . . . . 17.41 ! Ila,- 7:
150 2? n-l70r-77a,-I1 . .. . . . . . . .. . . . . . - -. . . . . . . . . . . .. .17.710- Mar 70l
1503 Fe-lS~r-7'.i-? Mn. .- 1 .. .. . .I. .70..I.. . . . . . .. . . . . .1, I
1500 O"-17Cr- 

4 
-'.'- . . . . . . . . . . . . . . . . . . . . . . . . . .4 . ..W 350 ',a, 60

1505 .. . .. . .. . . .. . .. . . .. . .. . . .. . .. . . ... . 0-3 SS "or, 60
1506 .......... ..... .. . . . .. . . . M -e

150)9 fýOe.0.15r l. 13Y -l ?_"' 57 -'' n I.. 1,1 1ý- .. .. .. . .. . . . . .. . . . . . .... 77 '!Ae 70
151C . . . . . . . . . . . . . . . . . . . . . . . . . . . _ - 30 -0--"- 1 1 -T"n 3Iep 13

1511.. .. .... ... .... ... .... ... . . . . . . . . . . .Stale~a'os 11 a" " I152F-t15Cr-7'T 71... . . . . . . . . . . . .. . . . . . . . . . V ý' "2. Alvor 362 " r 6
1513 .......

3
- >. .. . .. . .. . . . . . . 15.5 "0

1514 Fe-LowC-I2Cr-Rltt-2Co-1T .C ..- ... ... .. ..... . -Custom 415 Mar 76

NICKEL C HROMIUM STEELS (FeNC)

1601 ................ ................ .. . . .. . -296 "or 6;!
160? f(e-2Oll-?0Cr-?00Co-3 o-?.SW-ICI .................................................. 7-155 Ma, 63
1605 0e-16Cr-140,j.7.511n-M6Mn-1.t301i............................... ....... ... ....... 16-15-6 4ar (,3
1607 On- 3

3
0-?1-220........ ........... .......... ................................. nrnloy MOar fi3

1608 -M-.i~-5e~1.01.a .3V-0. 25A1ý. ......................................... 3 -V57 'ar Q3
1610 Fe-3214i-20.r5Cr-0. 350.............. I........................ I.............. incoloy 8002 Jun 75
1611 0e27110-.St.........-.................................... .............PA330 Iunr V?
1 612 .-35%i- I c r -. 25si -. 4fir ............................. _...................... 233250 Sy- Y,
1613 

0
r-32?71i-?G)(-f. 700,,.... ............ ...................... ............... n:coloy Po0 sc,p 75i

163.1 ...2 2 .. .. . .. .. . .. .. . .. . .. . .. . .. . Incoloy Alloy 1301 Snp 7,

l tt'rStulten In,
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ALUMINUM ALLOYS; Cast (AIC)

3104 AI-SSi-l.3Cu-0 .5f1g ................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  355, C355 Mar 77
3105 A1-7Si-0 .3Mg ................................................................ 356, A356 Dec 69
310O , AI-4.SCu-0.BAq-O.25Mn-0 .25Ti ................................................ KO-1 cast Jun 69

ALUMINUM ALLOYS; Wrought, Heat Treatable (AIWT)

3201 Al-4.5Cu-IMn-l1 i-0 .SMq ................................................ 2014, Clad 2014 Mar 66
3203 1A-4.5Cu-l.5M .-0.6Mn ............................................................ 2024 Mar 63
3Z04 AM -4.5Cu-1.5Mg-0.6Mn. Clad .................................................. Clad 2024 Mar 63
3205 AI-6Cu-0.3f1n-0.?2Zr-.lV ........................................ X 219 and Clad 6 2219 Mar 67
3206 AI- 4Mg-0.6Si-0. 25Cu-(O. 9-0.25)Cr ................................................ 6061 Dec 72
3207 A1-5.62n-2.5Mg-1.6Cu-O.3Cr ........................ ......................... 7075 

M
ar 68

3208 A1-5.5Zn-2.5mq-1.ACu-0.3Cr. Clad .......................................... rlad 7075 Mar 63
3213 41-2.5Cu-I.SMq-!.2 -I .0Fe-0.25i-0.111 ........................................... 26•, , Mar 69
3214 A1-4.6Zn-i.4• 0-O.59'n-O.l r-O.ICr-n.7?T ......................................... X7005 Mar 67
3217 Al-7.67n-2.5Mq-1.5Cu-.0,1fCr ................................................... 7049"'! liar 7?
32719 A -5.6Zn-2.SMq-1 ,fu-f.?'/r-L nw Ti-•n-,n....................................... 7175., Sep 72
3220 A1-5.6?n-2.2m7.- 1.5(u-n.?,Irr-Low Si-F-Mn-Ti ................................... y7475AI Jun 73
3271 A1-4.4Cu-I.5Mg-0.6Mn ............................................................ ?41 Jun 76
3222 A1-6.?2n-2.?5Mq-2.JCu-0.1 7r.................................................... 7050AI Sep 76
3223 AI-3.3Cu-1.5Mq-0.0 Mn .................................. ....................... 2048 1 Jun 27

ALUMINUM ALLOYS; Wrought, Not Heat Treatable (AIWN)

3301 A -7 .5 7-O . 25Cr .. ................... ..... . ........................ 5n52 'ar 65
330 3 1 - .I. . . .... .. .. . . ......... .. .... ... . .... . ...... 5 56 Mar 65
33n4 A - -0.2C ' ,- ... . . ...... . . . . . ........... 5Jun 73

MAGNESIUM ALLOYS; Cast (MgWT)

3401 1g-5A t-3Zr ...... .. ..... . ... . .. .. .... .. ..... .... ......................... A76 3A Mar 63
3471) M -.9A1-0 .7,n ........ .. ..... .. .. .. ........................................... _ A Mar 63
340 Mg-9 -27 ........... ... ... . .................. .................... ....... z ,9 2A Ma•r 6 3
3404 Mq-3ke-2.5 -0..ZD.r ... ...... .............................. .. 17 33A Dec 71
3405 119-4.6Zn-0.71r .... ..... . . . ......... .... .............. ............. 7ý514 'ar 63
3406 . .2.. .A..2.06i-.J.,.. . . .. 0.[27 Jun 71
3407 -...- 5. -3. Zr . .. ............... NDec 69
34(P Mg-3,2ih-2.17n-1. ..r . . .. .. .. .. . ........ .... ............... ................. 73;1, Dec 60
3 400 M 3-bZn-0 .8 ..... .... . ....... . .. . .. ........ .. ........................... .Z I- Sep 70

MAGNESIUM ALLOYS; Wrought. Heat Treatable (MgWT)

3501 .-. 5. - .5 .......................... ............................... 4 7o , mar 6 3
35r2 ? -3ri-0 .S r -... . ... . . ....... .......................................... [1.31XA Mar 6C
3503 ' n-3Th-0 .77 .......... .r................... ................................ r31A Dec 71
3504 M - ? - . n ........... .. ............................. 6.....6-. ............. I Mir 68
3505 -3-h-1. Mn ....... ... .... S 7........... S..... . ............... . . . ......... Se'31A Sep 71
3506 - 5 -0 .5 - . ...... ... r.... .. .... ............................... ... Mar 72
3597 M-9 14L0 -1A) .... ... .. . .... . .. .. .............................. .......... LA1

4
1A Mar 67

350FQ 'g-9Li-Al ...................................................................... 1691A Dec 69
3509 "g-lOAl-0.l

M
n .................................................................. M•,,A Jun 70

MAGNESIUM ALLOYS; Wrought Not Heat Treatable (MgWN)

3601 Nq-3A1-lZn ..... .. ................... ....................................... A Z31B Jun 71
3602 M q-lZn-0.2

9 e ........ .................................. 0........................ 7[10A Mar 63
3603 Mg-61-lZn ........................... . . . . . . . . . . . A761A Mar 65

1977. [cIfour Rtulen. I.c.
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CODE DESIGNATION REVISED

TITANIUM ALLOYS (Ti)

3701 T,............................................................ Ti, Conurpercially Pure Ma, 03

3706 Tf-5AI-2.5Sn ........................................................................ -
TM
ar 65

3707 Ti-6A -4V ......................................................................... - Mar 65
3708 Ti-7AI-4Mo ........ ......... ........................................................- Mar 67
3709 Ti-8AI-IMo-lV .......................................................................- Mar 66
3711 Ti-11Sn-5Zr-2.5A1-lMo. ......................................................... Ti-679 Jun 63
3712 Ti-8P1n .. .......................................................................... - Mar 63
3713 Ti-13V-:lCr- AI .................................................... P 120 VCA Ti-Alloy 'ar 66
3714 T i-6AI-2Sn-41r-6Mo ................................................ Ti-6Al-2Sr-4Zr-6Mo Se; 72

3715 Ti-6A I-6V-2Sn......................................................... ........ i-5-6-2 Dec 76
3718 li-6 AI-2Sn-4Zr-?Mo ....... ........................................................... Jun 78
3 7 19 T i- A -S - e . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . ... . . . . . . .. ... M a r A
3 7 2 0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. J u n 6 9

3721 T - P ? -3 . ...... .. . .. ............ ...... ................ Ii - - V-2 -3 1 r 70
3777.I i .1 . Ho s- ir-,. 5 ........................................................... RITA III Sep 7?
3723 '1- 3A1-8V-6fr-4 o-4Zr .............. ........... ........................ .. -38-6-4-1 Mar 75
3724 Ti-SA1-2Sn-2Xr-4Mo-4Cr......................................................... Ti-17 Sep 76

TITANIUM ALLOYS; Cast (TIC)

3801 T .-6A1-AV............................................................ -6l-4V, Cast Mar 70

NICKEL BASE ALLOYS (c5%Co)(NI)

4101 S1i-'5Cr-7F6 ., ................ 1. ............ ........................ Inconoe l Alloy 600 Mar 67
4102 ..- !SCr-3A1-(}.5Ti.................................................... nconel Alloy 702 Mar 61.
4103 Si-'

0
Cr-17Fe-SCb-3Mo-0.STi-0.6A1 .................................... Inconel Alloy 718 Mar 7,

4104 0Il-l5Cr-7re-2.5Ti-0.7A1......................................... -Inconel Alloy 722 Mar 63
4105 'Ii-l5Cr-7

0
e-2.5Ti-lt5-0.7Al ....................................... Inconel Alloy X-750 Mar 66

4107 !0i-,SFe-i3Cr-Mno-2.5Ti .................................................. Incoloy 901 Dec 75
4108 4- I 3Cr-6A1-4Mo-2Ch-0 .7Ti ....................................................... 7131tC Dec 76
4109 -..................................................... 0979 M1ar 6,
4112 i1i-72Cr-lEFe-9?!o-1.SCo-0.5W .............................................. Hastelloy X Mar 67
4115 li-2T7h6 2 . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . TD Nickel Dec 70
4116 68Ni-29Cu-3A1-0.5Ti ...................................................... Monel K-500 Jun 76
4117 ii-27Cr-9Mo-4Cb-3 e ..... ........... ................................ .nconel Alloy Q25 Jun 76
4118 Ni-25Cr-186e-3'Mo-3W-3C -1. 35½i ................................................. A-333 Mar 70
4119 Ni-13Cr-6AI-4wn-!Cb-0.7Ti ................................................... Inco 713C Sep 76
4120 Ni-18Cr-2ThO2 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .TD. J Cr Sep T1

1977. [,elfour Stulen, Inc.
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NICKEL BASE ALLOYS (>5% Co)(NICo)

4202 4i-19Cr-10Co-10Mo-2.5Ti-)A] ..................................................... "-252 "a, 63
4203 Ni- (U C )- 12Cr-I)Co-PiW-4A]-4Ti-f).0 52 -rn.5Zr ................................... i CrotUtng 65
1204 II,-2 O -15- -SMo-4,501-I.3Ti............................................... :1" 'onic 105

4205 Ii -19Cr -IICo-IOMo-3Ti- .5A ................................................... P J"' Al I'( 7
,1206 Ii - I 8Cr- 17Co-4Mo- 3A1 - 3T i ................................................... odirt 500 7ar 57
4207 Ni- Co-15C r-5 Mo -4.9AI-3.' Ti-f(). r W .......................................... dir0e 700 "ar £1
4201 Ni -30Cr -14Co-4Mo-3Ti-IAI ...................................................... la Iaov M, ar 6£f
4400 5 (0 15C)-15Cr- 5Co-5A1-4T,-3.£A'o........................................ ii"nni c 115 7"C £3
4211) • -20rr-1l'Co-2.5Ti-]-.S ................................................... .ironi. 9!) 1)c 76
4212 'l-15C o-loCr-5.5AI-J./Ti-T3 o -n. s5v .............................................. F]100 On, 28
4213 i- 10o-Rfr-6Mo-6A]-4Ta-ITh-. 17','0'/r'0....................................... -. 1900 Sep 77
4214 Ni-14Cr-9.5Co-4Mo-4W-5Ti-3AI+C+ZrnB ........................... .... ........... Rene O Mar 77

COBALT BASE ALLOYS (Co)

"4302 Co-20Cr-15W-l0 Ni .................................................. .............. L-605 Jun 69
4304 Co-28C.r-SW-IC ................................... .......................... S tellite 6 Mar 63
'1305 Co-25Cr-TO'Ni-7,5W ........................................................ Stellite 31 "ar Q.
4306 Co-27Cr- SPNo-3;4 .... ....... ...... ............ 7
4308 Co-21Cr- I Iw-2r,- 1.75 la-C h? ........... ................................ ...... ... a 70

4310 Co-Low C-22 r-22 i-14W. Ia .................................... aynes Al b~y 14 P8 
5 

p 7",
4311 Co-24Cr-10 1i-7'W -3.','T,i Ti ,'r ........................ ........... ............. - 509 J in 73
4312 Co-25a-3(lr-I I -o.S/r-i- . . .... .............. ...... ... . ........... ..... '10 75

BERYLLIUM ALLOYS (Be)

5 10 1 e .. . .. . . . . . . . . . . . . . . .. . .. . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . ., iu u n 74
iiIf)" Pe-3 A1 ......... ........................................... ............... L 1) 00lh v "ar 6 7

COLUMBIUM (NIOBIUM) ALLOYS (Cb)

5201 Ob ..................................................... ( lu - , . ror',• arca' Iv Vw e '4ar 6 3
5206 Cb-28Ta-I 0',-17r ...................................................... .......... Fa-n5 ýat 66
5?201 Cb-SMo -SV -12 r ..............................................-..................... ,-'-',ar (,7
5209 Cb-1OW-2 .5 r ............ ................... ...... ............................ 2h-752 Jun 7'
5210 Cb-20Ta-15W-51•o-Zr .......................................................... 5)32!3)3 " inc 71

5211 Ch-IOW- Hf- ,iy ........................................................... -- 9 v Mar 73

MOLYBDENUM ALLOYS (Mo)

5 30 1 ............. ............. ......................... n n , n, r, a r v 6 3
530? !10-0 .5 1 ....................... ......... ..................... " o n u ,- ',1, 6 3

5 113 " o-0 .5 i -f h ...r ................................................................. " .a,

TANTALUM ALLOYS (Ta)

540 1 Ta ................ . . ........ .. .. ................. Tan ta l u, ;. Cop i,--rcia l ly iure -ajr F3
5 4 0 2 T a -10W . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . T a -"O W M a r V .
5 4 0 3 T a -8 W - 2 . 4 H f . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . .. . . . . . . . . . .. . . . . . . . . 1 1 J u n 60
5404 Ta-9.6W-2.4f-0.01C. ........................................ ................. T-"2? Jun (1C

TUNGSTEN ALLOYS (W)

£501 W ........................................................ Tungsten. Corni'ercially 'ure ' 6a- 61
55'2 W-0. 35Hf-0. 025C.W-4Pe-O. 35if-60.(375C ................................... -Hifc ,W-4P-i(fc Sep 75

VANADIUM ALLOYS -(V)

ZIRCONIUM ALLOYS (Zr)

5701 Zr-l.SSn ................................................................... Zircalev 2 var 63

APPENDICES

ABBREVIATIONS A
GLOSSARY OF HEATING AND HEAT TREATING TERMS B

FRACTURE PROPERTIES C

SI CONVERSION FACTORS AND TABLES D

CROSS INDEX OF ALLOYS

1i'77, Ikelf,,ur Stulen. Inuc.
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FOURTH QUARTER - DEC. 1978

1978 REVISION - SUPPLEMENT XI

INSERTION INSTRUCTIONS

The attached Fcurth Quarter of 1978 Revision Supplement XI may be
incorporated into your Handbook as follows:

1. Observe the numerical sequence of the alloy code numbers and pages.

2. Replace the 1968 Chapter Code 4212 (Ni-15Co-1OCr-5.5AI-4.7Ti-3Mo-O.95V)
with the December 1978 revision.

The addenda to the Table of Contents and Cross Index of Alloys on
the reverse side of this sheet should be retained until the Fourth
Quarter when they will be included in the revised sections.



FOURTH QUARTER INDEX A DENDA
(Dec. 1978)

TABLE OF CONTENTS

VOLUME 5

4212 Ni-15Co-lOCr-5.5Ab-4.7Ti-3Mo-0.95V ................ Dec. 1978

CROSS INDEX OF ALLOYS

DESIGNATION VOLUME CODE

AUSTENAL 100 5 4212
AMS 5397 IN 100 5 4212

INIO0 5 4212
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REVISED: DECEMBER 1M~ NONFERROUS ALLOYS
AUTHOR: S. S. MANSON

I ~ ENFI lx 1.01 L oisistisi

Idii ki I I -as tii lox stainding lat-ge additions of ae1.0 N
aliu oniand Uttittnum achieves very high sti-ogtti at 2.03 It cat retn--itsas lxi-' -au.n30,1133 15 CID
elevtd tcniperat it i It has thus received considirable 1 * a1iiilli'fi 'l.hIt5cit ciitllitioilt 'ith 11" tot ttit heait 10 Cr

a ttviton fr applica tion tt entonpuneots of high lierforaof netc-lnnt1

jetoinrts -oih is turbine blades, valets and sooie and 1 .052 itceitinl toi- 1 111 ati it iliist 20001- 0:111 cCV--ll ltiosl SigmlZ 5.5 Al
evninltegra i tobin, wheels. plisise pre iot~itltii L -- l cittisxiiuiru it tower ti volt ituret, 4.7 Ti

andol 'Io niake-s alto} sill-s cl-i'slant to signlia phist

blecaust-of the Ilargie qoantitles of strengthening eieloieots lo1illi ipitaic ul-ii' solis ,iipi-nt cxtosurvi to ivitt-Ilit mel cree 3 Mo
int'lutded in ith' ecomposition, the alin) is not hot worhed , -odiiti , tiiist I"Ii tv ttiiti-loo tii, tI21.

anod is therefore tused in tihe its -attndto.teety, 1ust nitfg IisiosliatiOtili) tlitItiit1bl 0.95 V
however, there has been eonsidterahie deveiop ateit of a - 20110Y [, hrI cI itsIl Ill to., Ill (is t, It. i). I SCl I-veola

powder nietai iirgy pendant which permits working of the- mietid thtat if tiil eo:.inhg Is, to hie ditifftsct at 1 iuttt-1 isv i the IN -100
;tinv. Al high tenifleratures the powder -consolidated prod - A I to tIOiild I' t-stl lt tit- 1110 INig Wtu1t 1 tiilil tiie

oct bicconicix suiWepliastlc , thus otening notany iiossibilitltes sutolioii tilt:, 21011-213,10. tot ti vett liv aginhg at 1.50ti-16001101
in faht'ication - tn-shape off wrought coniplex comonenttis

5
. 1tti' stl Ill ii1i11.... III I!,, It~o ,itlit attpahiiitl (if ointainili-

ti\ xinka " 11~~~t-it hnigh li-vet "I it(' ioaIcirtctl Ii ii011i-tlies

Also, herouse- of the high contt'nt of gitostit Irinic ireelpit - 1. or, i-or lie el hliiti UOt
1

tlmt:,' iris ut, Pratit ;,lilt Wlitlut-
ate Itiat coinstitutets sot' of the strengthiening compllonents of Ai i-i'caft d i,-1. t!1, 1. I1. ti,-sIi'iciilid:il sitlutiioni g ;it 2W,14F
the ahloy-, the t-vptlibihcusi soltiuon to nijecaistee approaches statiil i-aint :1[ 10:111 1 1u ,),11 :, lIi fircsiit-t uilii hardeintinitg

the soliduts, so ttie material is tusualty used in tthe an-cast at 12w' and 1iit~ I it htext)i c1vi'Itut-ul (s-it

condilition withotut heat ireatilen t. However, it is subjected xTable' J, o:!3) 221. h.tiis'2111< 4 1w, i'131','Iltcs
to beat treatmetit dot-log the deposition of protective coati-
logs, 1'hec tiowvter int'flrnti gy product is heat treatted to 1. l0lt 1 Iard
aohieve desirable peoporttos, 1 1. mi A ,Its pvirill I, ii i s I I iidn i - It(l-I I5 I 10 ,pvtternt.

1. 01;12 l-tfi'l -If titiii 1l Ilil" I -1 txtt'liii1 1 , i-ig. . W12

Ilit' lowV oxtdation ted UUocrosino resýistance of the alloV att 1. 00l~ Efl-iit, of li-ot 1 ~ ii-'i Eri-'lot ll.tits-ss, a

the high tempt'ratures whtere the strengtih of Elie alloy in ibieir'ii di II, iiiii ..i .'iIl liii, ti- i- mcl- iiil d :iiil nt
El1151 advaottogtUsciy Used

t
, introduces theo oeed for protect- all ig nu ticl l-si . i li-i... iil n ixim di ali- , tig. 1 1168.

lee systems, A large snimber of coaling types havec been
sutdiedt, anti imost iiave ietn found tn providt' stiffici ent 1. 07 1-rus ii)tiiilit isv x
proteetion in extend die' usefufl tife of the alloy, coninico- Itivistiiinil ti~tti

surate with its strength . Cttitit-, -. t I ti:i I- r-
t

, t'ialt & iiit-x Air-c-raift tor

Eslwnct're to high lt'lii~rature aned stress for long periods vit t'ahi'i rtiii, ii~ i~~ i

of tim nit'nay also result in i'nsrittletoent doe to
precipitation of signina phase. 'ITte attoy has been esira- 1.0$ Mett-ng h.IId (:isiiiif 'rieltic

six-ely stuiidtoia Ic lit rininti how to avoid such vi'mhrittle- %' 05-III li-il lit i

instil,. 1laititairnog a In loeontent of alumtintum pilus

tilamunit tics beeni found iffective, and the moe I resent

spiecificatiotns requi're bountt itaI the ltftaoisus cnentiea 1. il) Slti i

(in arsordoin(I, with electron vacancy density ralcutlations) 1,al Iu-'it ililicti-'iiiiost-it-sw-IIsfi-

to itiotlit that ito deleterious pceclpltitc5e develop. l~I '5~ f\aiic---isiiiiiiuis 'i- siiiiqxt
lievaunac of the InterestI is it,; potonistal use- in advainced jet oatt' th c tfl i ilt "Ii this, lie,". ci- t Iv 'er2051 i tifii' ailloy

v-igial- etitspoicti'il the altoy- (espeeilly the powder pirotduct: assati5tnii5! peiail :tltai 'iI- - ito- i'll ,III ([ is Iitaili I
htas also tien' estensivel ' stuidtied in relation to its fatigue ixi'lW ii'- tiW , Ih lI." usi-tI Auiifiliulili(l oIi ifti11ll11 iiilitO

charltei~ttsties, pareticlarly fatigue ctack growth during i'iilLiiigs. Mantxiiif (h-I,- proo it-ii-:fvI, iiiu ith-

tldii~i't I-l~ll Itawes Alas' 1-1110 All-ac 181110.fwmitly o t ps-lotlidl- o 1))ttxii'iijti ii i':i ,,I,,I'tltg 11A55cav

Vertex IN-I lit) encitssiiil ut' lvlilit acli Ig i-xisipotci-It hiiigli lfliistlie

1.1121 Comt's catle Deioistig tninfationnfbai oi~satos '~i- o tidlsit ani ccv,' i' atiii iitflld Inpilth)It- iiiit of ithri-i'

Iltaical ifectri Co.,~lteo~i 1111 lltctiiliiiix Nie it i ilipIil~lv , iiishleii'I ,liiiloi't5 if

1 17, it1S 36.Atiicral100l'i537tI-11ii1 IN2 718,110i IiW-t liit-o -f l 0-it Alt-,)i ouitattis Iis attu

A~inc 1%- 510n t, H iiyn -ntAlloy cN10,ast veIN1 li-lt-tIN- I i-inUt- ut li-h is (ulll11 , rtlthe, I11if-, -isi

vtittif i-IN-if 100 isaloti tort'tha.if uii- t pc-stioltltuill tiiltfI-i ill toh- evurpuuivtrv if

1.121: A~Spca dsth lii' fIt's of ioi~f11i00calses obasi fiillowsx ~ ri, Cittitii:utIit tcIf: '-t-.ý isll'd Slo-,lCit

tiahev treeo - t 13 t ill-fol-iv ponesi lo", tilltuilsll ldigilf -!,, httufills Wmit

- Gi-etetil El ecir1 Ia .ti .1) - Iln ' 0 ltctitersl ti-iulf- iel .1-it rih til 'lio:,nal d-i- iilo, I ii t :tifsit

IN lam,. hitioli (iiti vilfd oiiato einati.
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to stress and temperstore. Rteferenee (12) reveals that appeare that these coatings do ,ou rt'duoa' the creepi

Ni lifte tn creep)- rupture at 150tIF could be reduced by factors rupture strength, rupture cluosgatlon. tie rosin teriolet'5-

as high as 4 to 0 when sigma phiase preclpitates ns titer ftalgue strength of the as-cast alloy, The oxibdatton
15 Co comtpared to ertrapolatest values toe signal free material. chartoeteriasties In a high velocity gas streami contaising

10 Cr It was also shownl in reference (12) that sigma formedi at esavgro is very complex, tparticutarty If st~a'av loald and
L1650F could be nclationext at 1900 2- 00s7, In 2 - 4 bira Oheraitl sihuck cycles are superimohsed). Depro~dilig on

5.5 Al and that a 2000F, 2 boor heat treatmeot delayed sigma leomttratur-e, a weight gala or weight toss tidty oceror

4.7 Ti formation. This beat treativnea wass observed 
t
o delay tinder the samre velocity coodition's, isee Figure 2.034').

sigma formation whether applied to an as-cant bar or An unocoated material otay first gale xeighit and

3 Mo whether applied to a har previously exposed to it650F, sobseqauetly lose weightiiia the samte test, doe to die fact
contatolg olgitas. This obaservation pointsu to the possi- that heavy build-up of Oxide (weight gahl) inity be fot (owed

0.95 V billeyj of beneficial effects of beat treatmenctt, Iai contrast to by spoilling (weight losi. aso shown in Figure 2.035.

the normally used os-cant structure. It also points toI the Coating stay reduce oxidation tied thus prevent sliatting.
IN -100 possibility of removing creep) damage by re-hecal treat- as alva shown Iit Figure 2.035. Surface 'ffleets may, also

moift toe this alloy. The question>, sigmia phase be importantt, Figure 2. 036. At present the process is
precipiltatin hasi bees extensnively studied (Ref. 22 to 24), regarded as too comptetx to tie predictable frtem thermo-
and effect on properties determined in detail. dy-nainic tirbiciples. This cooptsxlty is the resualt of the

1.098 't he alloy is the powder mectalluirgy form has buent iteteplay amiong beterogenossis oxide growth. tixide
extonalvely, studied (Refa. (19)(20)(33)(34)(35)(36) both interactions.,oxide vaottrlnation, -and spatting, eapts'iatly

in regard to mechanical propterties of fabricated products is Ole. pre'sence of creep strain and cyclic ptast]Q strain

and especially in regard to crack growLth, due to lthermal shtoch (6) pt 3, Catution is advised against

1.0a94 Hi1gh piressure hydrogen reduces tensile ductilit'. extrapolating behavtor fromt one act of conditions to

particularly at RT (see Ta'ble 3.00111). another. Rataher, it Is soggesýted that toots he conducted
undur coodi'iotns ctnaey simulatiag operation.

2. PHYSICAL ANtD CHEICAl. PRIOPERTIES 2.0:154 Soosmary' of moain stagcs of oxidation. Figure 2. 032,
2.038 tyi~cal plot of weight gain vernon t~ime fistattic oxidation

2.uo1 Thermal Properties Fig-ure 2.118M.

2,011 Melting range 2805 - 248SFP ('3), pt7. 2,034 Dynasic Oxidation teats at 1h50 ajtd 1800e indicatbtg

2.012 Pilacev changes. Structute coesiots of ntstrag~ranulor ans comnplexity of process-. Weight gain ocunrsi at 1600tFl,
well as estectie or primary' N18q(AI, TI), Ti)C, N) and loss at 2000 e', Figure 2.084-.

M214$. also possibly pseuvahite carbide withino N'i8 (AI, TI) 2. 035 CyclIc oxidattion behavior With and1 Without Protective

islands. Osl aging precipitation of tierovsklte-tike phase tiluotinitos base diffasion roating, Figare, 2. 085.

(NI8 (Al, 7W)) occurs at 1400F, and continues at 1600F 2.0312 pl'atinutm Aluinudom coatings.
where, after about 100 hr, so aecleUlr sigma phase also 'a. stat Typicat weight rlialige sattti'en foe coated ittite edeed for
begins to nuceleate at grain and(! phase boundaries, tie si- in.r'-tteýu at 2lt!)Pl' £.tt...',.d lo o'onins to lIt' in 1
The foproatoon of sigma phase appears lo be pro mated iiy 8 minutea. Figure atione datia 

t
or 11t -At attoy. with

stresa to 1800F. In the absence, of stress. soutiont of aurninary of resultIs for several other alloys. Fig. 2. 02121
Ti(C, N) ard Ni8j (At. Tt)C and the resultant precipitation 2, 0308 Corrosion.
of 1,123C, ore the mabin sltiectural changes at 1800F, (11). 2.03131 Effect of corrosive eneiistotinsrt ono weigt chr;.ngc to bare
The tendency toward the formation of sigma phase can atid nisitid tondilii,'Iu late 2.103131.
be eliminated by teeptug the electron vacancy number 2.03182 tlelative corrocion ef variaont otiperalloys, foi two facts
tNv below 2. 47. of diffe:ront sat fit, conatent anst two salt/ale ratio cnotests,

2.0120 Effect of aging time and temperature on mninor phase 1Vig. 2. Ott132.
coseetteatice. Fig,. 2,0120. 2.t3813 Corretalion showitig that low' corrosion retsintautre of

2.0121 Effect of exposure ftic 0000 hoors at variouts temtperatures alloy is, relt ied to it, Ios' eheosutism i'onot,'it. Fig,.2.03133.
os minor pttasonaesntratiots, Fig. 2. MIi2. 2.031814 C'Iirrelatim's mIOsxittg thaed the loin theeshtold Ic oiliiratare

2.0122 'Iranstfornation to sigmla phasc for as-cost and forged iltoy for cclo'rosin isxu cimcipotty 1related to ils low' chrunsin it

for two levels of electron vacantcy concentration, Fig. -ntoittt, Fit. 2.0313 1t
2, 0122, 2, 0:1.135 Cortositin (:is inieassied by detpth tif ati''zkt for at!loy in

2.012d3 Tnltn-temperalore retlibus for the cOtset Of sigutic phiase 7Ott111 t.'lti4 v ttii' gas jut tsistg livw tatfor hut 1(.1114)1 withi
precipitationi for medium atild high etectrits vatancy 41ipio and , ttii se salt in Inlet aile, Fig. 2.031:35.
concrntraiiiot iiýiý..ostt =, ad In. fine or scarce a, as: i Cirtecosii (as nieasstre'.t by delith of awlaki fitr allo hity
grain sire structuire, Fig. 2.0121. 700)]-P Ft'Scr-isIs gas, let usin;! high, soit-s fuel i.11t-41t)

2. 01t Thermal cotidietivity. Fig. S. 113. mvitli 4 pTui auth 0 tplts sea sailt an inlet stir, tig. 2.10:183G.
2. 1)1.4 Coeffir ict t of thermal extiansion. 'Fitg. 2.01 1. 2.05,131 HI t oirrelsimlt resistal.tn ct thittoat) allioy ixillt tat
2.015 Specific heat, Fig. 2.015 Pa"rsl-riitai3 Ca roe hgs in 191OFii. cyclia temtipertotire test.
2. 010 'rhermail diffosivt. 'T'aitle 2. itt037.

2. 03130 ComnparIson of hot-curiosiott behaio'rt it, I lniariac tfile-

2.102 Other physical tirotiesties Lane simotlator mAlth oilier nickel - and cobalt-baon alloys.

2.1)81 DentsIty 0. 280 lb 1 ~ce ra in, 7. 75 got per en cot (4) p) 2 Fig. 2.0l130.

2.1122 U: rtriral Properties 2. 0361 Dyamttic oidts io)it:t at 180)0F itt alloy ints Iw cotitiietm of

2143.0 nile hotit - emn at ItT' (.1, p 2) sarfact' fiiiisi. ltotmrliir surliev rto itotes morec raptid

2,023 Msagnetic P
t
ropertiesa itliationi. Fig. 2.112)1

2,.1t 7 MSeury cioatings.
2.03t~71 C~yilic Nlrtnai'oitl Oidtion its 2ui otil- cycClic al 2i0001 Of

2.03i Chetiicol t
t

lurotities teAl - Fe-C'-AI iulniiiti~ieit sjlurir of iiags' onroia-

2.1)31 litecales of fitlie lose r clirotituistt contenti of thil a llo'y sLtioit ti-25C~r-Al, stid cotiparisce with owidtloti of alloy

cc niparct Ito other tigh tetniperatitrc, highi sli-eugtli nitiketlrtce by iladditrit f Fi'-28'r -4Aj-IN', 'b:. 2, W1t71I
base alloy's, osxidatisiti realsi tamer Is somtewhat i'etducedt. 2 13 xiI unc iitiii t i t e~ra lp)Fo

tomes es , slitre it retatins stre'ngtlh at highl te'mpleratuiret. N wihr1.Ors'ii'iiiict
Its tintetdedi oar range in aboss' that of ttatty oither tii-kel hIsmt oieial.
bose a hut's . Thus. w'olu're s, sdzlicig Os' ualfidiebig 2.T8 t-oeliilltot itt o-tl olutnlei ' soloft-i'' Fitaiv in.1 ta1;71..
c'tvi rou atent Is p ct-Hant -,',' itub t Jtut applications. o073 xiat 2))1( If.i ithl railiuiiiii tol chiIititViit V ~titTI inttitt.Itiet

itic' of the a nitstulito sait alumitniti tobaus' types. 'ThesecotnIi.2 37,

cut suibstasntially Iimprove fthe ssifl~tAtioo resistance. 2. 1:10 IIItaillie lust
t
rit-tlos.

oxidation resistance anil thermal shock cbs raeeied ties,. 2.0.3801 II igi gos velocity ox0idatiomidi su theirti:' ft~iigsie sichting ait

While inly' nlmtuO daita are' asaltablu at pri-t I,. it I 11,101' (If allot'. coailtedInb not ecl''t-t't tie fits ' salt iieiiitias

CODE 4212 '0ý Ij7, Belflotr Stales,. lee.
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pithll~ ilsutittoi....aI, latloy, FIp;. 2.Wl391, thi, 12 Ffleett too tel tiip-iatttt atI ithootitat lelr prop -s . Ni
2. o082 Iligh vvol si I soxdt hn geld tltoettial fattipiit-ertelkintit cIitesIli by alosds-ltw Fig :1- . ol2:112

2(1001 ,f alt o i oato ed byý ;il elect eolytlc ist-ti salt pr vt 2 Z1. W112 Teoust t ut-oput-lis It s Calst 1t:-i at tit:and elevate:
1  15 Cc

ilst-fillitili titit t:l,( ia:rioi il bare alloy and sick tsiilt-tr i ,ig. 10 Cr22
:tlnonsn- oattd alle~y , Fig. 2. itýte. 3. 31tt21 : i T- Iic tiilttrtties (It *t~ofattsl bar it tn roo li:( ol-i5ttel .0 C

2. 0381 SitatIc osIlWatiI at,: 2ttit'i sai 2ý11 4:1 iii alloy esatid Ii, tFit~titvs g. 31.it10123. 5.5 At
'I"ttdil:b Lirfsr slt JIllti'lo teiald" tl 1-1g. 2.o13 d . t1313 1 1ii tr:itiit s-Eli-r,

2..t03811 Compry o it is ,Ua lttti- itito l ,iaii osntabtit: it hti&l 3. t31.91 fl-ct 'If orea illo atVitattistllts I'ii the 1:-tialol 4.7 Ti
verocty p)ti Ii atlIt 11 ait 210itF foe llta-ill isled eoatiig, pi:lrl~,tct at 1 itit.htlt 3. i0tI 3t. 3 Mo
Fig. 2. itil 3. t1314 C03naliti tand L-toaitig r-1ater efierts.

2. ttiti Clatlttttgs 3. 031911 I'eiis IIite tritli ti le it it roilti itt
t 

elttotil onudtiie rat. rtue of 0.95 V
2,0391 1fis-it ot clal tg titiloessr- on ,ýIi I colic ast tlsit at 1t-..it. - tti io-itt talts s'oii II A itl tw pr5opriteitary coatilngs

2. w192 E-ffrct itfc ::Id::g Ittit-ktelon Nist j 0)rI10italitaln of Ni -Itic-- 3.103112 Yfl't--i t i-iittfiitg , itiglil teiatpot ititrv Csro,ýare, mitt net ral

.1Al- 1 N:s cla 11l~lac :it I ll-u attd 2t0t0Ft, Fig. 2. 039L2. roya1li I Itrcese out tensile toil yield strengtI, at I bff y
2, 1)293 Effect of i-tillmig tiijl-no ,il cycli,, isidatian of tti-3titr-- Ctniljit toi to as Iyost an1Coartell 1it~o: malterial, lip. 3,031142

1. 4Si ; ittM alid 2i00 lii., tip. 2. 03931. ()3i1.-l3 lf~te (if csdilig, Ilityl toirliorafnler exýponare atid nstIr :1
2.ot3lti Vitir tiolist toil s-ai: hgs . eptrtioti .lie tae ltoipatI sit t 184070F aipti , Is,
2. 03101 %\ eifht hleatge antt tluccit -lttigue y.raobirtt teluloaic, iouf east tieav alr l-t~ti utiatetial, 11g. 21. ttýt143.

alloi aithl s shot sthplu ite CoCriMY eaatingi, aitilt tcitiai- 3. tih12 Posit."-i itulalts Ip 1 ieatii
taj .... ill, tif lo tt ýs ilos -,a'Iet Its rtitssntcctit pacik :1. 0t1lt11 Efficciut reditici ott luotire au

0
d boa tit-t iit itl lIt:

tttuitiitot procs'-~i, 2, 0t 0. tiei itotto lit-itttl' tI Ilii
t

T ;~iitl- of pitiite nitisalarri'

2. taut d" ainli i pa~iý a-utnl allay, TPole 3. t,:t .31.

aliisl l: It F IA (l S It kitelltlittt-litiiit 311rittititttit tatie :tIR mIt utiu :0iit0,, itilltrnti ts to lusht k&

lh-iceI-u ,i: 1 tiru yuht tt 2itfInuwitll macti I lot butiert~ Wtlldtaet,,-vttificatiiiori cuto allhoy. F1g. :3. t1:31352.

teyts Iii ea::iiiga. tir. 2, 113211). trialplt-ta iiii e -s itet nnerltttasliticity vant he us- iet-cod

oar- 'tuiti l ~~elis 3 ig ():15 11+ ti btllt3 3i,:,IIilceo-bl, i,.:t10

u. 21 iti I fir itlloy directly cxltuitltI lea~nt patoilep , Vig.

3. w:1 513.
3. liiFt-itANt CAt. PRO1311:1111: 3. 03155 Ili gi stai1tal raie -tfeu-t itin ngatiiiut at traltcttre at 1f900

3.0 spci'i' Avrlflol roe it ,to. 21 fortu atltip diroetty ,treided froitt powcder, Ftip.

See 1. 013 intd 1, 0Mj~. 3. 0315li 41ultioeiiu~yextiviIl~ilteit~ bN toIttsir ituetailoeps allay,
fig :9. 3,03151C.

;3. 02 Mvtaies~iaitdl troitrtiet atIuntit R- titiu eo!!!tSuroý 031 7 11jg] plt lireree i0Ge, ft-ci,
See all.i 3. 0:1 30171 it-a rlilt proeristies at It'[ -til 12251F inl 5000fi tig itoiltira

31. illS RIfi ii I euielcettaci- it-its p-ii-tiohirie If noi eastt Ao i.p atid itdiarget, Tauble :1. 9313 1.
it:- ree C iceotf eleotrite) tteiil:yeuoiscieiritrtiton, oilutt a. (2 Clitut "ieossli

t, 1 I -f- sot ;I ttilltil ott--able :3. ityt, .. W21 i-fivt it Itiel tetliutitfmllt oi uiiyto iti3il x eigl
3.22 i3 ltooioi 1u-1irt.1:etr 1 atiua ii ticttsiyratuirs if fijiigr for air itteiteid and easts ills2 and for attyna m1te

1
lted anid

asItu ini tl"tes riutliti'liti of ii-ttirtonelic i Sltttii lsts eIts itlits, F-ig. 2.11:121

heepillttlt lsiertlssti-S1iss tiller1 noetutal II~l s~trilt- "3 hImpartl

itI'lil ititaft :flcm it:t rI- ort 1 ,tiifososd by sl..-sluir I It .031 Efetilt-l ii toper [tiirtlee o hart Ctou \' i nillu iiei 5-nog Fig.

I- iiti, tl-i ruevs I ifau At I ]Ii i-nttynt It-Iectron sic ire: 3111036 11ialttitg
o1-I citot limii NI ri-l~i ug In prcwetiity fossatir sig ia 3 ý :7 striens ron-iilvolutrtol. (so, als.t 3.1151
fitlttoiiiuiui 'lilihte 3.12. ft. "' ut171 Notiti- i

01 12- i-lt-eit Iii tpo1 ti re At I 331it' Itir 234 haiti anid tii 1r 50 h out :1i, 1l:172 1i-:tl,-li- t'iihngeti-

A l-l i-Tionqloitiotlu vaiodill aIdev tiuii 2, isi-ii utPiretr-i 3. -11 2 'ri-eld nut Irs--l tItit- m tut- Iuovt iet-it ,v, 1s-'Atsi 3. ui5-it
,-,ti.ýtiit-t-t-it-iiraititit, N;-, 3- . I it-I-. 2- l 1 V~I ' 11S0 i ~I e it IN i-iillýti tt-ttItt:itiitt.

3,025 I -t ....... iig lonit IIl op,- lii tie iiit tt hiiisitt oft 3Il - Ct- stp i-iii's-i o fat lu tt ill l o p at 1 5i621' 1-. ig. :.3(11112,I i~~~~~~ptdriiis--i- li donsatI gt-:tliu 0-101 poid euntiiltti 0i :112tt: C ti-lit e-lis ifI toC wi-:s ills-ý ati 15812F lupg. -1.
3. i "il isiusi Ii-oitit~ioi-s 1 iituiisti eitgi ll fit,-std-m~iae los-ths 1.11 I-t. tlts- ro,-Ii as otis: allt Ititt tatil , Fjig . :1.4115.

1set1 tota i i tutipti it-u. 0-!5. otislto lalult c1 lt t-t i urp tuttl tic oo" .itlIitoi thus 1 ;117S2, Pip. 3.01t-Il1.

:3,12 on ~ u -I o q (f tit1ti--1-ii- if allup sWithi Ni -ali- 0117 it-It? \itiit~-i- i-per5 suigvet-a ti-ulustigi stes-~os fori eiriti. sirtinl

tip.i. 1.027. 3. tIs 511.Aits-cut1 iin t-r si ppoii ti-syip ri , o - i-n lit r-ri-sli
.1.0" MI-n sI vaii snrIse. Siet liy. 2. 03111 sliailtt uttd ereell rIttilet- -at 130SFl.. Fig- :1. d1lti.
:1, 1211 1n a' 55i1.i-t9 Al use itti-iI ip-i- I or,-lo tt-tIl uisig t -1-re tiliri-s-l

3. (1i29 Itceu~iut"111 ie 113'i littie 'I t ts l r1:1 l :hs it-uit roar-11-1 r 3.t-il Aitrill ict I i-Ipc - ulo a - ipprolcil ilspt IL050 op:is.

a:tu Itl:.t5t0Il 1,1 h o It Situ-osl otiti, inis-is 3I.011t" 2 o diiiiitiitti 't- l 101 g-R-tid.: cu1 t - liit- 'at i rtsfoutu 351
3.1:12 itrts-sot en. v toe. a:calalsn icui tdIiiltriti li (p .3.11-It :itIs. 0,Yk .il

:3, 0111e Milin-s-titit, tilt. s fo o atalo2 12ron n l Fgclear Imjrarv. ig :1(111 Pve, f rpvpi~taly ~rwdjodi'j
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atuontic, 'lTable 3.01231. itd Icooled at perriphlery ii centrlt [oe n cmaio

Ni :1.0' 113 Iivlaitinit of errrrp ion 'repl rupture. wi1th IThermal fatiguc rca lstttaneeo te omnyue

is o , 0 1:15 1114 tit~ian aittag starct of third stage creep), lime hi Ir, caltatleys. Fig. .3.0522.
15 O 0-ep, tand rupture tini aI' for etast alloy, Fig. 31.04131. 3.O0523 S herotil Iain ion o riok inllattlonofacstr ietn-

1043 Cr Itlalion :in sng times of third satnge cree~l, ti me to 1% allv saulidific alloy with uandithu at ottetdi
ttllvvep ad ritpturc tinic fodoCtoteil alloy, 'Fig. 3. 0432. altexn ntt tieoldize bet"J t, at I Oh0911 O, i,3,53

5.5 Al I .11 fices, of repair coaltinga on c'reep) and creep rolttitl'c i. 052d Tbetnral fatigure crack Initiation I s ato oiltli
3.104111 Crcit and rutu~lre lnrollertceF of alloy alter orepair of aiv solidlif1ied alloy With a1nd WihlltJ~d -41 l4.7 Ti oxidtritotn andl sochliietl dtto.'tge C'tfcetu, rig. 3,0441. altersate fluidi7ern beds at two set oteprturs

3 Mo :3.04:, Creel) ruLpture, genctial. Fit. 3. 032-1.
:1. It-I5O '' 1 til'nal 'creep rupuli cpt'roperties lIt life ranogr franm 10 to 3.0523 Effect of :eclo t itte or thnermal faotigue eoracklag ol coated

0.95 V 14), dil0 hours at tempewratures tron, 1300 to 2000', sand lniccated wtedges alterla-nety immersed in fladdited

L - 11g. 3t.01151. beds at bOoll nd lll",Fig. 3.0525.

and 1032 F, Fig,.1 O-3.05. crac~king of coated Ind litacated airfoils sitmelating tsr-
:3. 01531 Creep ruplvlire data for as east alloy as determined by blue blades sebjeotrd to Mach 1 gas flow followed by

deerletier, Fig. 3.1-3.rapid air jet cooling, Fig.2.01626.
3. 046 Preep roplAre, heat 'reattrseul effrcts. 3.0527 Reclation beiares crack growth rate tand resistance to
3.0461 Effect of seceral so~lutiaon heat treatments as 11w creep- initial cracking inn tinecaojal cycling, Fig. 3.0527.

rtptnurrv life at 1800F-, 2l0 hat, Table 3. 0461 . 3. 8 Tbermal fatigac o.f tlinlwa
t
l alloy with two propr-ietary

3.0-17 Creep ruplare. coatting eflcecin. coatfinga subjentud to lit. -.-1Palq ntensile iasoni stress aund to
:3. s-Ill Effect of coating on creep rapture tpropetncesr at stresses temaperature nycling front 2050lY, Table' 3. Ot525.

and leunpn'ratisns yinlding creep rapture, lives in the 3.0529 Correlationt of tinme to initiate' tlertoat erascking with
rang,- of 50 to 200 Pours, Tattle :3.0471 . weigtnt gain slope parameter for alloy coated is various :

3. 0472. Crntt evilntocei careen for doCoated allay at i15G2F' 1007F Ways, Fig. 3.05211.
and 10321-', Fig. :.3it472. 3.0531 Merh~lanniCal loaldingf Of Inowdec metajllurgy preJUotL.

'3. 0473 Co tl-ltltiOe Inciween ductility tand reppt~Lac time at 1562F, 3.0531 Otress rang, eacialtac nduring tow cycle fat~igueo tests at
109SF, and t'33F- otoe doCoated alloy, Fig, .3. 0473. 1210OF of pmowder metallurgy bars prepnaredl by Pratt &

,1. 0474 C reep rut'nltrt liarsý nttd elongalioeS at 14509 and 10001' Whnitney' Aircraft f0atorlzfng;,,proneos, Fig. 3.0531
tar Iliawall tallog coaled eWith two proprietary cotatings, 3.01132 Law cycle fat, gne al 12:O 011t np Hedr metall urgy bare
'Table 3. 13-474, prcp nael Ity Pratt lalt Whitney Gt~aorlclaicng~rouess. Data

3. 0-i0 C reel) rinltn c, sigama thI- I, instattility rffects ploilat tepr~esentI cycles tin ealanti tc fractsure. Fig. 3.0 r53-2
3.0-1dl Beineliehil effects oij cr-eep rupture behnavior achevevd by 3. 05133 Low cycle- fistgue- at 12101F of powder nnelullacg la'res

.aenoiding sigmta phase prreiiti rtionretable 3. 04081. It epa rd by Pratt aund Whblhey- Airerrl~ft Cstortatnlg,,s
3. 0482 Creept rpturnc piroperties of forged alloy in tlnree con- proccas. Duet poiuts represent cgeles to 5 perenut '-ad

ditlonts of proneness, tn sigma phasue preipitation, ninni
1
, I'i5. .053

'Tanble 3. 04h2. 3.0534 Law egele fatigue at I ZIIIF of speclimen fronm powder
3.0-103 Crueep roqitturt carveýs for fine grain alloy of comnposition metitla~rgy compress~or disk, Fig. 3,05i34.

atntfic lentlly iovc in Al intd Ti to avoid sigma preeblpitation, 3,054 Crack growth is sleoidy loadinig or contlinusus cycling.
P~ig, 3.04H3s~. 3. 05415 Basic crack growth corers at 1(T,1'. 0ý io and 135OF for

3.11104L Creep, rulntore curvc, at -litha for alloy is three levels of cosaslntn amplitunde loading (if W~OO. sprecime.,
lnch I trait aranre roscentruartion a chieved lty additions at Fig. 3,.O!tIM

Al-li toiia singte tent, tested in as cast condition or after 3.05r43 ilfrecI of net section strers Ott crackt growth rate aot
csxtoaltrr at bi:)li(E for 250 aind 23500 hours, Pig. 3. 0484. ILnitiF, Fig. 3.1-I4,

3. o485 Cree-p t apltnee careen for fitle grain alloys of low, nerdlain. s.0543 Kffect of lnrrmperaftire tand aleenates thlckacais ott
anot hight velctrtt astetcacy eoacenrslation 1NvI , rellr~ent- slnslrnihnr lonad c rack pentOngation alt-, Fig. 3. (15,13.
lag ino~gresoisele iite-ceasinig Ican"lese tioeord sigma phase 3.0344 FnIfeel of sipceinnist thickness on crack growth rainv at 143,
prceil)Iititloi. Cs cnn's showi that sitroug tenrilenecv for Fig. .3. tllI

sl 01 -leplaloareuin isreduction of creep ,apture 3.51 Eftrt at of fequrnicy onl crack gr-owth rote to continuust
sirength , lig. 3. i~i a. 'gellnic all alltrI-'. g. .3.0545,

31. a Ill (cccl ruptuore. ltast~tr metaill itills'produect. 3. 0540 Ki'fleet oft tetmpelratuirc oti crack growtfh ratera, 5llqpitti
:1. i-t91 t inep nrnlnplenc 1tnionni' ivI' in, sore short timte range It 1900 It -0. 1. Fig. 3.1)54ko.

inn -"!illn'c r a e in..ltl;prcltsuc~d froot five lets of 3i.0347 l'iftcrc of otcurca ratioý an crash g.'e'iv' rate'n at VOnF,
psd Ir r 1-ig. :.3 049l1. lilelo,, Fig. .157

3.1110391 t' mdi t'intinre rvvis it lean, I-' foiti cast allohy tnf va riouts .3.0548 Effect nil at rcan erntI, aml creck grie'tin rate at 1 200F,
groin sires and fur saglo extruded from ixoxhcra, Zci, Fig. 3.15.18.
Flit. ;. ti-Il. 3.10549 Eftedt ol slteciin~ stelilekneuýs os crlack gronwthi trite itt

3. 04loIn Creep rutlurer ilt special viritei el ttiott- 12001', can tinuotonyla at loopmu, ig '. il05-19.
3. O'011 (Creep rutnulare cf iiil~ly ii helium, hydrogena, end hydrogen! .0,53 C rack grniwlth-oerrlsttn effects.

water vapoCr at 1230eE ald 5000 pns.g presatttc, 3.0551 ('rack grotwth at 1201' unude r crnuthmnnoaa cycling snd with
Fig. 3.011111. hO ie~reenit overload everys y, 211. or 40 cycles,

:1, 05 Fattigini lnnopetit''i' Fig. 3.0551.
3. 031 Illechasli",aly i til e llna'tligtie 31. 0553 C rack goAwllna hI 0211F oitder conltinuous cycling andli wilth

031 l:feclntf, clii isinO lo tis rcoaln LVIII rIl~nattig Tlab dle 31051.2 percenlt or 00 prcentos overloads coere 31I cycles.
flilfli' I~niili le at'(lan t'nntlralrc', 'abl 3.111, Fig. 3. 0552.

3. (1512 ,1wo cy(Io fa tigau' chatnrilr- ristincs nf smooth hnliIna' 3. 0153 C rack gronwth at 321101" snider su-stained l0oa1 unti withl
speriinnen ,il Pit onin-IsInc gage, Iaglln of tunitortn crass 23 llcrrt'nikI or Pleri'tcent mineriouds, every 2 nonulcs,
5ncl~iinu hit Icnuin' ratitr,' fi-inni l111)( to 200110I in strain- Fig. 3153
i'lnnin'illt'l cr~l'10I. 11ig. 31.0.023 3,1051; ('n-ark gl-oali-ils-it petiodis.

3. oi, 13 InLo ey'rle laliglo ilraclnn'tviiritins at 17O11j ofhbllit,- 3, 051s 'Iecf ill-I Seititlt olra, n-hc,~tk groowth ruleetine 2~c~ivtnt' wicthl ltno Sn'ts at diragonal hila tIji. 1i. 1i13. Ininiitui iwlll :it i-hstr-, iii liilll'. 11g. 3.oC501.
35. DIU1-I StI nailt ranige pal Iithcritic life n'clatliininsips. far east alloy :1.1o562 1-:f1'-t of stnnel ,thei. I, lehit-s ,ti r rack g riwll, rat'. at

at IVitOl, Fig. 31. 1),14
3. v5I 5 A sial fatI tile at I li3,11 Vn of ani at n-Ih l hillo ax~lrt'hilr coatetl 1211111 . Twula'sininte ils-il at ninax toed, 10lth'm dturing

m. ll, lirop iet, 't'ilc inlrts tip. 3. 0515s, ar3n1,11n' CStrun per~liod, I'ig, .tii
3. 10.-, 'lThenaill Iinitttrri aiiilol'. l-ifi'cl nfilnlenli itl tim th at eisal its- e orich, grath cult'
3,1-521 'hl'lt'ranl slacOk latigtni blnnai'~lcristjes ,nf alt-toil ,tlban at 121t111., It .1 1l, lg. :t. '1)501.

siil i
1 
a~ld Inntht aliciiiiliil bons rOainnlorg li1li 1)1321. 3. 05611t Uravk Voniwli at I isin'-) Inninll- r'ntllniiceing innI aF it

3. 0 532 2 l'liC'Ciiill lfntigtir real 551,1cc lIt aqlaire Pllt, s nalnll healenl 25 and 511)lt ner-ceinl ovennrlonadl,r oi wit 2. ttinite itwell at the

CKO:DE 4212] tI_ t97H, N'lfsar Stoleni. Ine.
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3. 0565 jtnrteref'u,ýl low It% 'I IC fOdigut'l W'il~s~th pee-[ ;t~dkl Ni
loadg Pot tests ;Ii 12'' 1iF, It 0. 11. Fig. 3.'15G5

3,t.566to lilttI'rairtu in i lofw ciý -it, faitigue witl, dwell t'e'i'ts atI OLX 15 Co
JI~:.,:1zi.10 Cr

3. toll7 Dle;,, (eell" ~e to r'ez'''iijitliiii 'If l'nnu' vinci; growttl~ 5.5 Al
after single ty,-i'i, If verl ,ad. I landefr ice tc,ta

'23. 2 ksi ',in, Fig. ,.0"571. 4.7 Ti
:1. 0577 [Delay cy'i'es l'ci'i It, irestumplt~tio 'If basic crack gee, 'hI 3 Mo

altu teenigle, eyveit' of sver'lo~ad. Itaselitas Kwt:".9
1.5.2 kzl -fill, Fl8.. 31.F"72. 09

2.(5H I eli no anýd lidedrgen effects It high tiresse a.

5.10581 low cycle fatigtir ill 125011" in high pressure hydrogen 1N-100
anod lciilot,, Fig_ . 0.581i.

3,01132 )II tlt cyrcl- axial fatigue Ill Itilik liessure' hydrogen and
l'eliei, at I '5O2l)', Fig. 3.0582.

3.015314 Inelastic struti ' ''nolge vs. low-eyce Lu atigue life for each

liartiseud stra:; ranige componeot for an-east thinwall
tubing at 1700t IFig. 5.05141.

3.05142 Sitrainraim'c pailiotting lifou eelafisotsips at 16352F a's
18:121 ficj a:1-cast alum'11notti-coated alby. Fig. 3.0314z.

2.A5542 toelasAite sraio'asroge, vs. Inle-CiLIVlcfattilpic life foreap~h
partttioeed nI uirainrge e'ostlwitent atl 14001. Spocinicoc
fran, erew,-feriiod (Gatorlee(d ,, 1 turbine dishi, 1l1g. 3,05143.

3. 05144 'Total stral,, range -n. low-cycle fatiguec life ai 12001' of
innonter iuetallitrgý bnes ireltared tic P'ratt & Wdutlcy
Gti'4l'.I'lig ,, pr'cess5 anod tested tetde7 rapid stetlin
eycllitg. teunite steens -b'old, attd tensile strainl-hold.
Fig. 3A51544.

3. 05145 Inelastic stratneazige en. low' cycle fatig~ue life at 12001K
of p~owdoc niet~ullogy lirspsreetared by P'ratt antI Whitney
Gatseliteig _prl.esen azll( letod aIder rapid steals uyeliog.,
leontlle steess-liold. aod tensile steate-iteld, NaL. 3.05145.

2.11061 Il',isuii',. ratio, 0I.298
:4.11112p Dyiiorni' entitilo, of elmotielty , Fig. It. t06t.

1.110,3 1-ol. ' f rigidity

4 1 Si'ettgtlt e' shaiied partsit
1 leelm,:,i-;lI''O p lpri,'s f,'nn Il' tii 3:t11t0" f Iwelcinlei

feInn the' 1 1tht-ll etg';g coropre.,ssor of F100/l/`401 engine,
F ig, 4.,11.

112 H0osiit tei11iee:Itkie vi'iinili' siretigit of firtit' Lniýntulatiulg

4.21:1 It''',, tetitp,'r:'.ts Ite,,nftfrtc ,, slti~gl oIu'l;-loi'nt tori

4.511 f'301 i'ee r' 1 lrea Iolot I' of 1ilele'ettil ',,e t IawTliloey ti is

4.2.211.
4.211 Ietic t-Inill ttiiu v' le'il'iist''' tigthif e t,,t-l ,'h~to~ese

4.2 leil,eI' joiu,il a1n I II'o lc .",I i nw ~ i ltt

Witi'e.''tlble 1.221.

S1.21(8 Ittfr Si"t',' op-i. 17(E1''i7 1 Kl l.IIcgf WIli11 tah~
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Ni
15 Co
10 Cr __--_

5.5 Al Alloy [ Ni- lOCo 10Cr-I. 5Al-4.7Ti-2Mo-O.95VX4.7,. .,,v " Co dtos Cast •i

Original Intco New Ioo GE Rene' 100

3 Mo source Spec. (19,:0- spec. alien
1965) atlao also C5oT7C0.95 V CE spec C50T AMS5397

77A
IN-100 Percent Pierceot Percent

Min Max Min IMax Min Max
Cobalt 13 11 13 17 14 16
Chromnum 8 11 8 11 9 10
Alum•Inum 5 6 5 6 5.3 5.7
Titanium 4.5 5.5 4.5 5.0 4.0 4.4
Aluon:iu + Titanium - - 10 11 - -
Molybdenum 2 4 2 4 2.7 3. 3
Iron 0 1 0 1 3 1
Vanadium .7 1.2 .7 1.2 .9 1.1
Boron .01 .02 .01 .02 .01 .02
Carbon .15 .20 .15 .20 .15 .20 NI-15Co-10Cr-B.5A1-4.7Ti-3Mo-0.95V
Manganese - - - .10 - AS CAST(MELTED AND CAST IN AIR OR IN
Sulfur - - - .015- VACUUM, AS INDICATED)
Silicon - - .15 HARDNESS DETERMINED BY MUTUAL
Nickel Balance Balance Balance INDENTATION

TABLE 1.04 COMPOSITION 400 - I

I•*N ACUUM MaI:,TED
W4 A ND CAST

32 ] ] •[ 2~~00 10 60 10"gsooI I- -

_ADNA M ETED E D
AIN] CAST

A

Nl-lSCo-1oCr-1. SAI-4. nli-aMo-O. 95V 200 I
AI CAST N2V M T NC A

40

322 2 1200 1400 1600 1800

TETEM- F

FlU. 1.003 EFFECT 01 TEST TEMPETATUEl (! BRDINELL
w 24 HARDNESS, AS DETEiIiN)1) BY NI1T1jAL INIIEN-

TATION, FORl AIR MELTS]) AND] CAST ALLO)Y AND
RC FOINESRol VACDDM MELTED AND CAST ALLOT

_____ _____ 32, FI'GS. 1,2)

OTE- - -

FIG. 1.0G2 11 SCT'] 00 '1 L5'EATCIIE ON ILAIIDNESS
(4, P.11)

CODE 4212 BC17,Ieltoor Slairo, iee.
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VA - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

NL-15C°-1SCr-5.5AI-4 75'1'i-3Mo 0.95V Ni
AS CAST + AGE Ab INDICATED N

15 Co
_• •10 Cr

A _ 5.5 Al
4.7 Ti

z03 Mo
VII - VERY RARE 0.95 V

11 - RARE

, -- II - MEDIUM IN-100
.o A - ABSUNDANT
O VA - VERY ABUNDANT

7A T

140()F 11500F 1600(F 3 700F imol 1!)(]0 F 000 BOF 21.00F 22L)(111'

961111. 721111 4STIR ý6H1R 241iR ICIBR b•ll 6Hit 211]{

AGING TIME AND TEIMPERLATUR-E

FIU, 2. 012•0 EFYEU;T tat, AGkrýG THIMEAD"'IIE•T..E ON .IMINOR P!LASV CnNCTrNTRAlT0ON

(2, IC1(.1)

NI-IrCo-10Cr 5.5AI-4.75TI 3Mo-0.1ý5VAS CAST, '_v = 2.60 (_V ELECTRON VACANCY

DENSITY)
EXPOSED 5000 IR AT "EMP INDICAT'ED

VII - VERY RARE

M - MEDIUM
V A - VERY ABUNDANT

A -ADBUNIIANT

___ H e

1414F i r S 70SF 1S 250SF

I •('kllt E I - ----

1F1(;. 1.-0S 1 "l'R 24l" '"110( 511) ]IOU AT1
"AIN TI"MI' AI TATURE•IAN MINO
I'Nl I 'ASI' CUNI-CE ITAT, Ni- ON, ( 84)

OuEPO E976 1550ou Stlmll 
AT, 

PEGE 7BIA
++++"+'++•"•"+ .... '+'tVR .- VEJ-OY .,RARE,,..•

' ' I ~~~~I - M III II UI I I M
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Ni-15Co-lOCr-5.5AI-.. 7''I-3Mu-O. 9,5V (NOMINAL)
Ni ACTUAL COMPOSITION FOR TWO LEVEIS

15 Co OF N,,
15 coMOF IUM Nv(2.49): Ni-13.3Co-I0.14Cr-

10 Cr 1.45A-4.2Cr-t-3.55To-o. 9V
5,5 Al 1101 N,(

2
.65): Ni 13,31, <-1. 12Cr-S. GAI-

55 Al4, 69TI[- 3.511A.-0.0 97V

4.7 Ti Ni-15'Co--10ýr-5.5)Al-4.75,Ti-3Mo-0.95V (NOMVINAL) ALL ALLOYS MAI)E FROM SAME MASTER
ACTUAL COMPOSITION FOR 2 LEVELS OF Nv HEAT. AUDITIONS OF Al&,Ti MADE DURING

Mo ED A Tv (2.49):Ni-13.3Co-40.I4Cr-5.5AI-4.29Ti- CASTING TO ACHIEVE DESIRED LEVEL OF

0.95 V 3.5Mo-. 96V ELECTRON VACANCY CONCENTRATION Nv
HIGH Nv (2.65):Ni-13.3Co-.0.l2Cr-5.0A1-4.69TI- COARSE GRAIN ALLOYS PREPARED BY

IN -100 •.5lMo-0.97V NORMAL INVESTMENT CASTING PIRO(G-
ALL ALLOYS MADE FROM SAME MASTER HEAT. DU.ES; FINE GILAIN ALLOYS PREPARED

ADDITIONS OF Al AND Ti MADE DURING CASTING BY MOLI) INNOCULATION

TO ACHIEVE DESIRED LEVEL OF ELECTRON TEST SPECIMEN 1/4 IN DIA x 1 1/4 IN

VACANCY CONCENTRATION (Nv) CAGE LENGTH

TESTED AS CAST OR FORGED TO PANCAKE IN EXPOSED WATIIOUT STRESS FOR TIMES

FOLLOWING STEPS: AND TEMPERATURES IN)ICATED

1. EXTRUSION AT Z050F FROM 5 IN DLA INGOT 1800- - -1H-0IGH Nv
TO 3 1/8 IN STEEL PIPE_ l• MEUMN' _

2. FLATTENED AT 205OF TO 13/4 IN DLX PAN- 1700T Ll1S 
NSEE IN 

IMEDIUM D

CARE 1600o -

3. FLATTENED A'? 2050F TO I IN DLX PANCAKE
4. FLATTENED AT 205OF TO 5/8 IN DIA PAN- 1.500

CAKE 4 F
TEST SPECIMEN 1/4 IN DLA BAR x 1 1/4 IN GAGE . 1400 -- A-FINE

LENGTH EXPOSED WITHOUT STRESS FOR TIMES 1300 NE

AND TEMP SHOWN 1300 FINE

20 100 1000 10,0(10
TIME - 11R

FIG. 2.0123 T"IME-TEMlPERATURE REIATION FOIl TilE
ONSET OF SIGMA PHASE PIRECIPITATION
FOR MEI)IUM AND 1IIGI1 EILECTIO)N VACANCY

(Nv) COMPOSITIONS, AND IN FINE AND COAIlSE

-S- GASP, FINE GRAIN - -- FORGED GRAIN SIZE STRUCTURE, (23,pp. 3,7,8)

2008
______________________Ni lOCo-b()y 5.5Al 4.7bTi-INloI'.

N-, a AS CAFST

1000 - I -'NOTE: Nv FOR
1600 MED Nv W - FORGED ALLOY 190 -¼ -2.40

-- 101 N O 0  -U--
1400 . NO 0  

150

10 102 i04 170

EXPOSURE TIME - IS14

FIG. 2. 0122 TRANSFO1,IIATION TO SIGMA PHASE FOR. AS
CAST AND FOIRGED ALLOY FOR TWO LEVELS a 110 /_-

OF ELECTRON VACANCY CONCENTRATION
(2

2 
,pp.1

4
,19,

2 3
) N

S150

14.0
130 -

Inl

1000 120000 1()0 l;)00 11300 2000

T'1:% I' -F

1IG. 2.j13 T'I' ElIA I, CON IDICI IVITY (1ll'. C -1)

CODE 4212 031370',, Dufitur Su•let•L..
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0. 14

11 AS CAS 15 co
710 Cr

5.5 Al
0.)4___ 4.7 Ti

3 Mo

____ - ____IN-100

0.ý

MrANOE ,i~ 1' TIEBA L2400 0.1 - 2011SPECIFIC H(EAT 1
1 1000 i200 1400 1600 HOU 00 2200

0 400 860 1 2(00 160U1 4000 :40

1q14. 2.014 COEFFICIENTl OY'1(ERNIAL EXPANSION

AS CAST

DNOMINATRIl 11lI*\sI2 l1 INI ISUBSI1 ,5

IIEE(MINA I LI - i( I -2I5 I'II IN'i IN S1I 15(jt AI.F jAI,

mooI v.14i NIIiNir0 *I* N]iEiAI0 ) I2 4I I - Al I~' j 0.

NjC,,( I_ NI i

Illoo- Nii I 'Ii.1

'rINH.; - MIN

FI.2.(1:12 S UNMAHIY OF1 MAI4 ET' S 55A;E (F1 1 XIIIAlIl N 1), 90

!)I!l17b, BIfvI1.s~ StI.'k, ( C E
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NiCo

NONFERROUS ALLOYS REVISED: DECEMBER 17

S Ni-I icN-I5Cr-V.5A1-4.75Ti-SMo-0..95V
AS CAST

15 ,o10 Cr .,

5.5 Al
4.7 Ti e
3 Mo

L0.95 V800
IN-100

10O

1400F OXIDATION

1 10 102 103 104 105
TIME - MIN

FIG. 2.035 TYPICAL PLOT OF WEIGHT GAIN VS TIMF IN STATIC
OXIDATION (6. p. 3b) AS CAST A

TESTED IN CYCLIC OXIDATION:
55 MIN (- 20001' IN OXYACETYLENE FLAME 4 5 MIN
COOL TO 750F 4 REPEAT TEST EACH HOUR

CEMENTATION WITH NC-101, AN AI UMINUJM BASE
Ni 15Co-10Cr-5,5AI-4. TI7-IMo-0.35V I)IFFUSION COATING(SY LCOR DIV. SYLVANIA
AS CA•T'r j.,EIniuIL 4IODUCTS, UCIKSVILLL, N.Y.)

H ~CAS
TESTED IN HIGH VEIOCITY2 -
STREAM OF NATURAL GAS O - . . . .
COMBLI3STIGS PRODUCTS P

10

0 INCOATED
0 (A)A%' Ib hiy-'"

-00 0 200 :i11) 400

-301 DYNAMIC OXIDA7ION 0OBI 00 2 C0CLES 40DY IIOUHI) D1I CYCLE))'--•

H I I FIG, 2.035 CYCLIC OXII)ATION DEI-AVIOI WITH AND WAITH-
11)S OF METAL TIIICKNESS, OUT PROTECIIVE ALUMINUN BASE DIFFUSION

$2 -40 - .002 IN PE'I ,E1% AFTER 1000 COATING (7,h'* 33)(8(9)
!4 (HURL ,EXIOSURtE

S 21oo 400 0110 800 iSuo
TIME - 1111

IP 2.0034 DYNAMIC OXIDATION TENTS Al I1600F AND
1800F INIIICA'FhN14 COM'LI,EXITY OF PIROCESS;.

'EIGIrr GAIN OCCUNID AT 1600F, OllSS AT
20(111 " (1, pp,13

1
, 132)

CODE 4212 @1970, Bclfour Stuln, lI•.
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NiCo

REVISED: DECEMBER IM NONFERROUS ALLOYS

Cr-I. i--AI-4.I1' A 0,'I 'V
AS CAT• - Ni

15 Co
11161 VEI.OCITY NATURAL GAS COMILNIIN11 1 C
IROIDUC'TS AT 18(1I)F

I _-AI 5.5 Al
2.0 _4.7 Ti

2.0-3 Mo

(INTS° rED 0.95 V
S.... 4 1 0-,-: i 11 ) rIN -100

• ~I /

NAIFINE CGEITOA

o 5-•|i15Cu-lOCr-5. 5A1-4. V`i-3BMo-0. 95VD
H 0 0. 1 x I r 2 CASTINGS it

(.4 (a) Ni POWDER SPRAYED, UNTO
SURFACE, COLD ISONTATICALLY l

PRESSED AT 70 KEI PIIESURE,
1, 0 L AND SINTEIIED AT 10-

2 
TORR,

0 100 2001 300 400 20(00F, 4 Hit1. ~~~TIME - IIR 0I, ?l
E11 (b) SURFACE WAS THEN PACK AICU-

FIG. 2. 036 DYNAMIC OXII)ATION AT IL00F OP ALLOY Sl[NIZED IN FLOWING ARGON

IN TWO CONDITIONS OF SURFACE -INITSII. (.016 FT
3 

PER MIN) AT 2000F IN

IIOUG:I;EI SURFACE PROMIOTES MORE PACK OF 5t8 PERCENT AI 2 0 3 -100

ItAkPID OXIDATION (G. p. li2) MýII POWDER), 1 PERCENT All
(-100 AMlS) POWDER), AND I PER-

CENT NaCI ACTIVATOR FOR 18 IN.

Ni-15Co-10Cr-5.5AI-4.7TI-3Mo-0.95V IN THIS MANNER 13 C g/enE AT WAS

0. 1 x 1 x 2 CASTINGS DEPOSITED TO CONVERT THP NI

wo-25Cr-20A1- COATING APPLIED IN TWVTO 
.A

STAGES: I
a) Fc-Cr- SLURRY SPRAYED ONTOSUlFACF., TESTED IN STATIC FURNACE AT 20001'

a)F-C-SLRY PAYDFNOURAE P15 1 CYCLE-P OF 20 HIIADFLOWCOLD ISIOTATICALLY i AI'UNACE .010D /T'ED DIN.
PRIESSUREAND SINTERED AT 10-2 TORE, INIPEC'iED FAN ED AFTER EIIN

2010 F, 4 HI? NSECTED AND WEIGCCED AFTER EAC

1h) SURF'CE'TIIHEN PACK AIUMINIT/NI IN CYCLE

PLOWNING AIRGON(. 010 F'T PEII MIN) AT Q COIMMERCIAI. COATING L
0 

WIDIELY USED
2I0001? IN lACE OF 0 pEI4CENTl o AIUMINIZED CONVERISION I'IIOPRIETARY

201INPCOF9 ECN A1303 COTN"4-10))N1 ME-SII POWDEIl), 1 PERCCENT Al 1 COATING

0(100 MESHI POWDER), AND 1 PERCENT Rý COATING TIUICENENS OF NIAI 1.6 hilLS 1

NaCI ACTIVATOD FORD 1 11P. IN THIS WAY , DIFFUSION ZONE OF 1.6 111I

1 0 MIg/cm
2 

WAS III.:1OSITE:I! -1'! 11 OGICE

eA lAI 4 Fr-Cr-Al COATING (IF AVERACGE L _

A I11( POSITIIIN FI- 25C--20 Al. AVEIlAILE I t 2 TEOTEDI -- --q --

COATING TIIICKNESS3 :i k; wicr IOIIF COMIMERCIAL ALUNINIDE

AFSTRIJ IN STATIC FURNACE AT 24.00 F FOR .

11 CYCLES OF 201 1111.. AIRtFLOW TIRIOU1400I1-___
FURNACE .018 FT

3 
PER MIR, INSlPECTED 9 NA .LOIIOIT COATING4

AND WEIGIIED AF'TER EACII CYCLE

O Fe-25Cr-4A1-iY CLAI)U)L4G FOR REFERENCE U 1(w1 200 3i10
a, SEE.L' ALSO FIG. 2. 031ll IlMO'CURE TIME - lil,

T ES'ETD A1 FIG. 2.:0372 CYCLIC Fl IINACE iIXII)'ATION IN 20 1111

2000 F .CYCLES1 AT'241(001-' (F NEAl SlURR~Y COATED
F3e r-4AI-1Y LAD ALLOY WIT)! CO)IMPAIS•S(N TO OXIDATION

I -- OF CO1MM1RClAI, CONVERSION COATING
2 (41, pp. 3-4,14)

C2 '::Al 1F1 Cr AA ALUMINIZED SLURRIY
COATING

1(10 2101 34)U
FI.'IIUIi E T'IME - lilt

Flt'. 2. ':T1 CYC1.I,(1 FIII-NACE OXII)A'T[(N IN 20 IIIl

CYClE':S Al l0ou" F (IF FrAIl -F Cr-Al
AUIM[NIZNEEl) SLUIIRY il- AVEIlIAiF
COMIIUFITEION ,'r-25Cr-Al, AND CONIS'All-

I:;ON WITH OIGXIDATION O)F AI.I.4)Y PRlIO
'ICGTEI) BY CLADIJINO OF F-25iCr 4AI 1Y

(41. I'. 3,4,10)

©u1178., llLfu-r Stulon, Inc. CODE 4212
PAGE 11j



NiCo
NONFERROUS ALLOYS REVISED: DECEMBER 1978

Ni-lSCo-loCr-5.SAI-4.7lTi-3Mo-0.95V

Ni SIMULATED AIRFOIL SPECIMEN, SEE FIG. 2.03111

15 Co COATED WITH NiAl SLURRY COATING APPLIED IN
TWO STAGES:

10 %Cl a) Ni POWDER SPRAYED ONTO SURFACE, COLD
5.5 Al MOSTATICALLY PRESSED AT 70 KS! PRES STRE5.5 Al AND SINTERED AT 10-2 TORN, 2000 F, 4 HR11

4.7 Ti b) SURFACE THEN PACK ALUMINIZED IN FLOW-
3 Mo ING ARC-ON (. 018 FT3 PER MIN) AT 2000F IN

PACK OF 98 PERCENT A1203(-100 MESH POW-

0.95 V DE,), I PERCENT Al (-100 MESH POWDER),
AND 1 PERCENT NaCI ACTIVATOR FOR 18 111.

IN-100 IN THIS MANNER 13 Mg PER Cm
2 Al WAS

DEPOSITED TO CONVERT' NI TO Ni Al. AVER-
AGE COATING THICKNESS 1.6 MILS + DIF-
FUSiON ZONE OF 1.6 MILS

TESTED YI HIGH VELOCITY (MACIL I) JET AT 2000 F
IN CYCLES OF 1 til AT TEMP + 3 MIN COOLING
IN AIR JET. SEE FIG 2.03111 FOR DETAILS

COMMERCIAL COATING SHOWN FOR COMPARMON

IS WIDELY USED PROPRIETARY A LUMINIZED

A CONVERSION COATING

1000

N COMMERCIAL ALIJMINIDE COATING
50

u

ýýNiAI SLURRY COATýING
2 1 HIR CYCLFS HEAT 1 1R 1

MIACH 1, 1 2000 P COOLS3 MIN
100 200 :i)O

EXPOSURE TIME - HR

FIG. 2.0373 OXIDATION OF NIA! SLURRY COATING
IN MACH 1 JET AT 2000F WITH COM-
PARISON •' COMMERCIAL ALUMINTDE Ni-1lCo-IlCr-5. SAI-4.?Ti-SMo-0,95V ]

COATING (41, pp. 3,4,20) AS CAST TEDGE SPECIMEN AS SHOWN IN FIG.

2. 03111 BARE O1N COATED ItY ELECTROLYTIC

FUSED SALT(iFSI') PROCESS WHICH META IIIES

ALUMINUM DIRECTI,Y INTO SURFACE, PRO)-

IJUCINC AN AL,UMrNUM',IlICI Ni.A1 LAYER, Oft

COATED BY COMMERCIAL, ALUMINIDE COATING.

'TESTED IN MACI 1 JET AT 100OF USIN(; CYCLE

OF1 1 lil FOLLONWED BY AIR COOLING TO 1NT IN

3 MLINUTES
SEE FIG. 2.03131FOR SKETCHL OF SPECIMEN
A ND TEST DET %lSi

POINT OF FUiED SALT

-T'lI' ERMA 1. -- ALI MINDIO CO )ATIN(;

FATIGUE

, / AnCI'R \C
\_ N)••C (RACK AT

SEND OFTEST
N -- - -iNo CRACK (IN lACK Al COAT

-~ -- - PACK AT YNDi OFT S"o IAL.ULMNIlE i

*1:- --0 -- ___--

0 80 100 2404 :3o 400

EXIasULIft TIMLE -lilL!

FATIGUE CA'ACKINL; AT 1!00F0' 1' AL.L(y COA'rTED)
ICY AN ILECTLCOLITIC FLEE]:!SALT PlIOCESS

(BETALIDEID), AND COLIARLILsON WLTLL OXIDATION

OF BAIKE ALLOY AND PACK AIV'IIN1;L COATI-.)

ALJL)Y. (4:3, pp, 2,3,24:)

C:ODE 4212 ,i 1170-, Nelfo',r Stulen, In:,

CODE 12
i ! ! lq2• i i i i i.
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NiCo

REVISED: DECEMBER IM NONFERROUS ALLOYS

Ni-15Co-1OCr-5.5Al-4.7T1 3M1o-0.05V

AS CAST WEDGE SPECIMEN AS SHOWN IN FfG. Ni
2.03111 BARE, COATED B3Y COMMERCIAL 15 CO
ALUMINIDE COATING, Oi COATED ELECTRO-
LYTIC FUSED SALT PROCESS(EFSP) WIIICH 10 Cr
METALLIDES ALUMINUM DIRECTLY INTO 5.5 Al
SURFACE PRODUCING AN ALUMINUM-RICH
NLA1 LAYER 4.7 Ti

3 Mo
TESTED IN MACH 1 JET AT 200OF USING
CYCLE OF ONE HtOUR FOLLOWED BY AID 0.95 V
COOLING TO RT IS 3 MINUTES IN -100

SEE FIG. 2.03111 FOB SKETCH OF SPECIMEN
AND TEST I)ETAIIS

800
ýPOINT OF
,/TIIKRMAL FATIGUE CRACK

40 -PACK ALUMINIZED

Z U CRACK NO CRACK

S 0 . .. .Ni-15Co-100Cr-5. AI-4. 7TI-SMo-f). 15I
\AS•UD A LT AS CAST WEDGE SPECIMEN AS SHOWN Dl FIG 2.03111

ACOATED WITH ELEC 'ROLTIC FUSED SALT PROCESS

r-40 POINT OF TitKE'SSAL -WHICH METALLIAEIS ALUMIINUM DIRECTLY INTO'\ FArIGUK CRACK 2OF SURFACE PRODUCING A1N ALUM1NUM-RICH NICKEL
,~ n I 1 L A Y E R (; =

0 80 10 240 320 TESTED IN EITHIER STATIC FURNACE OR IN 10IG11
EXPOSURE TIME - HR VELOCITY JET AT MACHI I. SEE flOU!RBS 2.03111

AND 2.03091

FIG. 2, 0382 IInGH VELOCITY OXIDATION AND TIIERMAL"-

FATIGUE CRACKING AT 200OF OF ALLOY SPECIMEN FOB STATIC TSTS 1 x 2 x 0.1 PLATES
COATED DY AN ELECTRIULYTIC FUSED SPECIMEN FOR IGI VELOCITY JET TESTS WEDGES
SALT PROCESS(METALLIWKED), AND COM- E AS SHOWN IN FIG 2. 03111
PAISION WiqTll DARE ALLOY AND PACK 0

ALIUIMINUM COATED ALLOY.(43, pp.
2

,
3

,
2

1) 1 FR CYCLE

11HGH VEIkOCITY

(MACII ) JET

1100 F

(2 FITS CYCLE)

NACE) REMOVED AFTER EAC

Ni-I5o-IGv-5.AI t20 HR 1 CYCL

NI15o10r5.A-4.7T~i-SMc-0.95Vq 0i 20(20I YLES FOR INSPECTION
1. x 2 x 0. 1 IN SPECIMENS ,20 IMRCYCLE [

COATED DY ELECTROLYTIC FUSED SALT PROCLESS 0 -A
WRIICH METALI.IDES ALUMINUM DIRECTLY IoWTO 0 80 160 240 320 400 48)
SURFAC FROUN AN' ALUIUNUIM - N." 1 E.-1'O:;UIME T-4,2 - NIR

NICKEL LAYER FIG. 2. 0384 COMPARISON OF STATIC OXIDATION WNTII

OXIDATION IN IGH1 VEELOCITY JET (MACH I) AT

"rESTED IN FRIINACE STATIC AIR AT 200SF OR 2100 F FOR METALLIDED COATING

210SF EITIIER IN 99 PERCENT PURE ALUIMINA (43,1'.2,12)

IIOATS OH BY SUSPENSION BY WIRES OF
8 PLATINUM/PLATINUM - 13 PERCENT RHODIUM

1100 F

0

0 5 160• 240 320 400 440
EXPOSURE TIME - 1IR

FIG 2.0383 STATIC OXIDATION AT 2100 AND 2105F OF ALlOY
COATED DY ELECTROLYTIC FUSED SALT PROCEISS

(NMETALLIDI-N(C) (i3pp.2,22)

O 1978, RcIr~uu qot",~n Inc. COD E 4212
PAGE 13



NiCo
NONFERROUS ALLOYS REVISED: DECEMBER 1978

Ni-15Co-lOCr-5.5Ai-4. 7TI-3Mo -0, 95V

Ni COUPONS 2 x I x 0.1 1O ISCLAD WI TH FOILS OF Fc-25Cr-4_AI-1Y OF THICK-

"15 Co NESS .005 AND . 01 IN USING FACE SHEE'IS AND

10 C r EDGE STRIPS. PRESSURE BONDED 2 RI AT

5.5 Al 2000 F, 15 NH! PRESSURE

4.7 Ti TESTED IN FURNACE AT 1100 F AND 2000 F
|USINGI I HR OR 20 fill EXPOSURES. AFTER EACH

3 Mo EXPOSUR.E SPECIMENS WERE COOLED TO 212 F

0.95 V IN 10 MIN BEFORE REINSERTION INto FURNACE

'FEsSr A lIZO CONDIUFTED. ON CLAD SPECIMENSIN-100 OF CLADDING ALLOY

. --v-,V y-yCLAI) CLADDING ALLO)
w 0 1

0: PARE

0 ALL DATA 20 DR CYCLE ESEEPT AS NOTED

Ni -lSrCo-100Cr-ii. 5A1-4. 7Ti-Sto-0. DIV
F4 2 .01 IN COUPONS 2 x Ix 0.1 IN

CIAD WITH! FOILS OF Ni-20Cr-4AI-1.251 OF
V C.-• LLA C LADDIN ALLOY ~THICKiNESS ,002. .005, AND .01 INCH U.SING
(SUBSTRATE SAE ALLOY FACE SHEEKTS AND 1DGF ST"RIPS. P'RESSU'NE

in AS L; __ ROND') 2 lil AT200O,, 15 "1 I'VESSURY
F A00 F L TESTED IN FUINACE AT 190F AND 200F

Ul-1~ '~ 2000I I SN H N 0 REPSUE FE
0 80 160 240 320 400 EACH EXPOSURE SPECIMENS WERE

TIME - HR COOLED TO 212F IN 10 MIN BEFORE
FIG:. 2,0391 EFFECT OF CLADDING TIICKNESS ON CYCLIC REMOOERTION INTO FURNACE

OXIDATION OF Fe-25Cr-4AI-1Y CLAD ALLOY ZA BARE 1 IIR CYCLE

AT 1900 AND 2000 F (42, pp. 2,3,29) .11 CLAD 1 111l
O .1,05 1 l.

[3 .012 1lIl

* .o0 C LAD 20 IIR
* .005 20 IIlt

U )002 CLAD 20 HI'

2 1

-2

0 Ho0 360 24) 312)) 4o10

TIME - lilt

FIG. 2.0392 EFFECT OF CLADDING THICKNESS ON
CYCLIC OXRIDATION OF NI-Z0Cr-4Al-1.2Zs

CLAD ALLOY AT 19OOF AND 200O0
(
4 2

,pp.2. 3, 25)

coDE 4212 0) 197d, Bolfour Stuln, Inc.



NiCo

REVISED: DECEMBER 197 NONFERROUS ALLOYS

Ni
15 Co
10 Cr

5.5 Al
4.7 Ti
3 Mo
0.95 V
IN -100

NE-15CO-10-("-5.5 AI -4. 7"'i-3MIJ-(0.DN-V

COUPONS 2xlxtO. 1 IN
CLAD WITH FOILS OF Ni lU0Cr-1.4Si OF THICK

NESS .002, .005 AND .11 IN USING FACE SHEETS

AND EDG E STRIPS PREISURE BONDED 2 Hit1

AT 2000 F. 15 KSI

ESTED IN FURNACE AT 1000 AND 2000 F USING

20 1111 EXPOSURES. AFTER EACII EXPOSURIE

SPECIMENS WERE COOLED TO 212 F IN 10 MEN

BEFORE REINSERTION lNlTO FURNACE

TEST', A LSO CONDUCTED ON C LAD SPECIMENS

OF CLADDING ALLOY

1 CLAD .0

C) - . / CLAD) ON CL.AII)INO;
SC. LAD ON C ILADIMING

m- 7 - ALLOY(UI',NTRATE2000 F

FIG. 2.o3130 EFFECT OF CLAD1ING TIICKNESS ON CYCEIC

OX 7DATEON OF Ni- l0Cr-l. l Ii 1'' 190( AND

20001; (4Z2 i.. 23.3:I

BAR A I)" I I



NiCo
NONFERROUS ALLOYS REVISED: DECEMBER 1978

Ni
15 Co
10 Cr
5.5 Al
4.7 Ti
3 Mo
0.95 V

IN-1O0

Ni-15Co-lOCr-5. 5Al-4.7Ti-3Mo 0.95V
AS CAST ALLOY MACHINED TO WEDGE BAR AS SHOWN IN FIG. 2.03111

COATED WITH CoCrAIY UY ELECTRON- BEAM--HEAT-SOURCE, PHIYSICA1.-
VAPOR DEPOSITION PROCESS. NOMINAL COMPOSITION OF COATIN'
Co-22Cr-14AI-I.li

TESTED IN MACHI 1 JET AT 2000 F IN HEATING CYCLES OF 1 HR,

FOLLOWED BY COOLING TO RT IN 3 MIN

TOTAL THICKNESS THICKNESS OF
TYPE OF COATING OF COATING OUTER LAYER

IN IN

0CoCrAIX' . Uuq:., Q . vu-S -).00To

t COMMERCIAL PACK ALUM[NIDE .0033 .001'?
04 NO PARTICLE EMBEDMENT .0017 .0012

SEE FIG, 2.03111 FOR
bO DESCRIPTION OF TESTS40 - SPECIMEN

z SPECIMEN EXPOSED TO
CYCLE CONSLSTING OF

O r 1 lI11 IN MACIT 1 JET AT
-0 2000 F - 3 MIN COOLING

O C-POINT OF APPEARANCE OF NC TO RT
a THERMAL FATIGUE CRACK

NC-NO CRACK DURING TEST PERIOD_4,o 1 1 1 I ý, 1- -
0 80 100 240 320

EXPOSURE TIME - HR

FIG. 2.03101 WEIGIIT CIIANGE AND THERMAL FATIGUE CRACKING TEND)ENCIES
OF ALLOY WITH VAPOR DEPOSITED CoCrAIY COATING AND
COMPARISON WITH PERFORMANCE OF ALLOY COATED BY
COMMERCIAL PACK ALUMINIDE PROCESS (44,pp. 3,, 26)

CODE 4212 Q1•E71, Dellou Slulen, tInc.
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NiCo .

REVISED: DECEMBER 178 NONFERROUS ALLOYS

Ni
15 Co
10 Cr
5.5 Al
4.7 Ti
3 Mo
0.95 VI

IN-100
N-l-5Co-lOCr-5. 5AI-4. 7Ti-3Mo-0. ((5V

AS CAST ALLOY MACHINED TO WEDGE BAR, AS SHOWN
EAPA(EMnEDDED ALUMINA-PARTICLE ALUMINIDE) COATING
APPLIED BY DUAL CYCLE, MODIFIED-PACK-CEMENTATION,
ALUMINIZING PROCESS. APPROX 15 V/0 OF 2 MICROMETER
ALUMINA PARTICLES ENTRAPPED IN COATING
TESTED IN 2000F, MACIH 1 JET, HEAT 1 111, COOLS ME IN

THICKNESS OF TIHCKNESS OF OUTER
TYPE OF COATING C.OATING - IN__ NAI LAYER - IN

D-U NO COATING
o EMBEDDFD ALUMINA-PARTICLE .0001 TO .0015 .0002 TO .000'i

ALUMINIDE
0 FUSED SALT, ALUMINIZED .0025 .0015
,, COMMERCIAL PACK ALUMINIDE, .0033 .0017
'7 NO PARTICLE EMBI•EDMENTY .0017 .0012

SO 0.3

NC 1/4 SPECIMEN

0 EXPOSED TO
F C CYCLE CON-

C ' ASISTING OF Iw w IlR IN JET -+

ICOOLING TO

_t SPEIME IN 200(,F J

-840 w w RT IN3 MIN
- - B )~4.0

C"
C- POINT OF APPHARANCE

OF TIIERM AAL FATIGUE
-160 CRACK 450

NC - NO CRACK DURING J
TEST PERIOD I

I\ SPECIMEN IN 200(r JET1

-240 AT MAC'! 1 VELOCITY

0 2001TM 410f

EXPOSURE TIE-HR

FIG. 2. 03111 WEIGHlT CliANGE AND THIERMAL FATIGUE CRACKING TENDJENCIES
OF ALLOY WITH EAPA(EMIDEDDED ALUMIINA-PARTICLE ALUMINIDE)
SUBTECTED TO 1 lilH CYCLES AT 2000F IN MACHI 1 JET BNrRNER, AND
CoMPA{ISPN \0I'Ii l'EI(FOHIIANCE OF IBAIIE ALLO)Y AND OTIER
TYPES OF COATINGS (

4
4, pp. 2,10.22)

@1978, f1l3olr Stuen, IDc. CO[ E 4212
PAGE 17



NiCo

NONFERROUS ALLOYS REVISED: DECEMBER 1978

Ni -

15 Co
10 Cr
5.5 Al
4.7 Ti
3 Mo
0.95 V

IN-100
Ni-15 Co-I0Cr-5, 5AL-4.7Ti- SMo-0 .95V
AS CAST ALLOY MACHINED TO WEDGE BAR AS SHOWN IN FIG. 2.03111

COATED WITH Pt-Al BY APPLYING A .0003 LAYER OF Pt BY ELECTROPLATING
AND ALUMINIZING BY PACK PRlOCESS.

FTNAL COATING THICKNESS APPROX .1103 IN

CERMET (1) Ni-Cr-Si ALLOY CONTAINING TiB 2 AND TIN PARTICLES

CERMET (2) Ni Cr-ALLOY CONTAINING TiSi 2 PAHITIC LES

CERMET (3) : CERMET (1) 1 ALUMINIZING PACK TREATMENT - (PACK: 2A1-
ZNaC.-9(0AI203, 2000F, I.' HR)

FeCrAIY: PLASMA SPRAYED Fc-25Cr-13AI-0.8Y, FOLLOWED BY OVER-

SPlLkY WITH Al POWDER + (1100) F, 6 lIl IN ARGON, TIIICI(NESS
(.018) IN

NiCrAI (1) PROPRIETARY ALLOY CONTAINING NO ADDlED) OXIDES

NC1rAI (2) : PROPRIETARY ALLOY CONTAINING Y 2 0 3 PARTICLES

CoCrAlY I PHYSICAL VAPOR DEPOSITED

SEE FIG. 2.03111 FOR SKETCH OF SPECIMEN

TR0AIITMNG EDGE

UNCOATEI) 4 I1 t2

CERIMET (1) + V277LT1-
CERMET (1) + LIE.SIHNATES

0 CElEMET (3) + POINT OF

T-200OF 'LEADING ALUMINRIDE TIHELRMAL

. MACH I EDGE EAPA CRACK

I 1IIR AT TEMP CRACK FeCrAlY 4 +

+3 MIN COOL NiCrAl (1)STO lRT I NW NrAl (2) 41_rrr

40ALLOY CoCrA lY
L") WITHI Pt- P-I r}-7T

AO COT II (I44I O
I ING TINE IN MACll I BPIONER AT

S-I-00 -__ - 2(150 F, I ill CYCL-LES

0 4-00 tiotL 1200

EXPOSURE TIN" - Illi
FIG. 2.03111 TYPICAL WEIGHT CHANGE PATTERlN FOR COATED ALLOY CYCLED YO1

ONE 1it INTERVAL. AT Z00 F, FOLLOWED BY COOLING TO RT IN 3 MlIN
FI;RE, SHOWS DATA FORl Il-Al ALLOY WITIL SUMMAIRY OF RESIILTEI
FOR SEVERAL O'I'I}el ALLOYS (45,1p1.2,3,13,14)

CODE 4212 V 197b. Belfour S,.lut,. bic.
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NiCo
REVISED; DECEMBER 197S NONFERROUS ALLOYS

Sourer(ayn it'sIll 1). 1; SlIMllULAS R AIRI'Oll.SI'.CION,9 IN CIIOII,,2 IN SPAN, Ni
C'ltsoA CooCorsinTetd 0 AL'l'lOX 1/H IN THICKNF-SS AT LEADING EDGE15 C

- WI.Charg (a)AS cx'rS

""Mig p-, C'm 2(Loss) 'l'ESTEDI IN 111011 VELOCITY GAS 1(10(7611 5PS( 10 Cr
Ilor71.3 SEE FlU:. 2.031351 FORl A11IW1' IGEAL 1)ETAII.S; 0O5. A

Coating C: 3 9, TEST A NI) MEASUREMENT PIIOCEDIJUE6 .5 A
I)Coating C -9 o,.4 10 - - p104 -- 4.7 Ti

(a) Exp\,os,,d 1 hr Is, Na/N)4 A 0.6 psT'sT'ot. * MI)1'PMSA)"Ml/ll) 3 M
Noel at 16521-'. 0 4 I'CM SALT/AD) 0.95 V

TRLE 2,0391 (1 ET CORRIOSIVEN ENVIROI NMNElNT - -TOTA I CO01I1t0SEON DEFINED-
(IN WE-'ICIT CHIANGE IN DANE AND AS ANEA UJNDER CURVE Flý?I IN -100

COAT~) CONITIONMAR 11 DFATHI OF PENETRATION VS

N
6  

-~ 0 IN lua TEMP). SEER FIG. 2,031.99 AND)

04-
0

lIAR ~ IIIINCO 713 LC I

'N )) NC 713SC

I0 1W 166 ,IN 28J
0 11IL760 I'I)RL 9,61

10) 12 14 16 18 20
NWEIGIIT PERCENT CHIROMIIUM

FIG(. 2.03133 COIRRELA'1ION S)0 'IO THAT LOS COIIPONION RESISTANCE
INilS -90-5A-4 ''-o-69W OF ALLOY 1.; IELATRO TO 'ITS lOW% CjIIORIMTjI CONTENT
ISITIUIATEND AIIIF'OII. SECTION 1 IN 3110110, (27, p. 1321
12 IN ('AN, AI'I'IIOX l1/ IN TlIICKESiES AT'
1
LEADIECý E.DGE

AS CAST -I
jESTE-D IN IRCGI VELO0CIT'Y GAS RIG0 (70o1 b).,
SEE F-IG, Ii 125FOE TENT DETAILS

JP~l-411(). 115) 81dppm SALT/AD)
0=TL 1'JI -411)'. 11) -4pl'n' SAlT/AIR E-hoIIr5. Al 7T1-951-0.9'IV

J PI-4 )(,(2-S) 9(v, 5ALI,''AIII SIM ULA 'TE lD AIIIF O-I) E-CTIO E,9 IN CHORID,]
E 1DJPI-4(.62,1(- 41)10( SAlT/AlE 2 IN'SI'AN, AP1'ROX 1/8 IN THICKNESS AT

TOTAL CORROS)ION DEFITNED AN AIIHA AS CAS'T
10 lNIES; DEPITII OF IPENETRATION V11 1ESEI IN (11011 VELO'CI'l'y (WS IlW(700 EIS)

'I-/IJ'UVE *, SEEý FIG. 2.0:1:5 AND SERE FIG. 2.0(3)1, :1 FOR1'0
I, o-I 01.2.0911(0 AD)DITIONEAL ISETJAIIS;0 N

1 01' OFTE',S AND MASI- ON s

6~~~~10 MIiI E.NI:N I'll' ;CI LID I7')

4 C' JP sts( 4) I j 111

0 l 01 -uPOL

(al II1(01 (d) o) (1) w21:1) (I) 0) (k)1 (1) LID( ao fEC) 713

(1:) IN 1111) (I) I NC)) 7131,C Ci' 'iIfV 95)) 1400 )N\ 0 73.
(" MARl-I 20) 10 (r, '1)1(, 11( (11 IN 720)X 6 if, 110
()11 1!3 T (11) Ql . 16(2 (1) X' - 40 Wi: (IGIT PEII'CY1%' C 1HOIIIOMII1

VIC(. '3, 03132 lIl1:.ATIVI: CT)IYISII OFlE0 VAHII IIS NIGIER- FIT.;. 2.03:1:14 C'IIIIIIE'LAT1I(N SHOWING THA TH hI216 11
A 1.1.1 YE ISIIOEE1 Fol IIW FUE FERENT '1II) ESI 01.1) 'IFNII'PEILA'ILI~l : 1F01 CuIOIOSICIN
SULIIFR CO NTENT AND TWO I SAUl'AIII RATLIO iS 1 'INII elA [.1. 1A':1. I -' l)TO ITS" I OW
C(INJl'1N'lS (27, I1,131) CIIITR11(01) CONTENTW (2.7, p). 39)

1971, IW~lo'ir Sulcn InPAGOE 419



NiCo
NONFERROUS ALLOYS REVISED: DECEMSEER 1M.

Ni SIMULATED AIRFGIL SECTION,1 IN CIIORD, SIMULATED AIRFOIL SECTION,1 IN CIIORD, 2

15 Co 2 IN SPAN, APPROX 1/8 IN THICK AT LEAD- IN SPAN, APPROXIM'ATELY 1/8 IN THICK AT

INO EDGE LEADING EDGE
10 C TETED IN HIGH VELOCITY GAS RIG(700 FPS), TESTED IN IS1GH VELOCITY GAS RIG (700 FIUN)

5.5 Al JSING LOW SUIPHUR FUEL(JP4 WITH .02S) USING 111G;H SULPHUR CONTENT FUEl (.1P-411
SYNTHETIC SEA WATER ADDITION TO COM- WITH 0. ik0-)

4.7 Ti DUSTION GAS PRODUCED 4 & 8 PPM SOLID SEE FIG2. 0135 lFOR ADDITIONAL D)ETAILS

3 Mo SEA SALT AT INLET TEMP. MEASURED BY OF TEST PROCEDUI{•S AND MEASUREMENT3 M.030 DIA HtARDNESS PLUGS IN CONTROL TECH1NIQUE

0.95 V SPEC, CHECKED BY THERMOCOUPLES.
CYCLE: I MIN TO MAX TEMP * 10 MIN O PEAK METAL TEMP 160SIF

IN -100 AT TEMP + 1 MIN AIR COOLING TC REACH A A PEAK METAL TEMIP 1751F

I00SF OR BELOW. TOTAL TEST TIME 120 TWO TESTS AT EACII TEMP

HOURS
DEPTH OF ATTACK MEASUREMENTS MADE I G

BY METALLOGRAFIIRC AND OPTICAL OBSER- 11
VATIONS ON SECTIONS 1/4, 1, AND 1 1/2 IN
FROM TIP OF AIRFOIL

0 8 PEAK METAL TEMP 160SFA A PEAK METAL TEMP 1751SF s 0LT

TWO TESTS AT EACH TEMP

16N 1 ,-----• A -
I C G

THlRESHlOLD /"8 I!'M N

A-lFOR SAIll"-10
TIA RSIIOLL DA P

THRESH1OLD A -CO

0 
140 1PM---LT-00!PIS
1400 1500 IGOO 1700 1775

S16I .METAL TEMP - F

0 FOR A A FIG. 2.03136 CORROSION (AS M1IEASU1(ED BY DEI)'Tll OF

F- _CORROSION -4 ATTACK) FMFFA AO 1. ViN '711ESVFOCIIYjj'

---- - GAS JET USING I1II01 SULIIIUR FULL (JP-411)
b PI'M SALT WITH 4 PI'M AND 0lPPM SEA SALT IN INLET•" ! •. • Il T '• .YAIR (2,pp.I-(6.lUO,J1Z)

1400 1500 1600 1700
METAL TEMAP - F

FIG. 2.03135 C(NRROSION (AS MEASURED BY DEPTH OF
ATTACK) FOR ALLOY IN 700 FPF VELOCITY

GAS JET USING LOW SUI.PHUR FUEL (J14)
WITH 4 PPM AND 8 PPM SEA SALT IN INlET AIR

(27, pp, 1-6, 76, 88)

Source j_____ LZ__,_ 7, 7_, 1 2, 1
Alloy Ni-lSCo-l 0Cr-5.5A-4.7 "1-:FMo-0.95

Coali'-AlZ'-Cr•-Mo10001,, 1�.r-5b"73 hr cool from pack I

Conditle. 100SF, 50 In.
Coaling AEP No.3 .; : 107application + 200019, 2 hr 4 I FIr,S50 hr'.. . .

Spocimen St-adard T56-A-9 solid turblnc blades
Ileat ;135c6 rotating at 1000 rpm III r:Hty Kao-
fired funjoce t,) 19001F. Siraen Witi aspi ::terl suluti,,rr '4

Test deioulc'd water and 1.4 eruent water solule oiFlr stii[ale
Conditlon 1.5 01FF1 heat 1 0.5 ntd 8pray, ob'lcrsc crier 100 esy'ck .

RemlFOV- eheir total crrosiolr arca ol .()I IN
2
1

(0. 1 IN on eaher side)
Av. No. cycles to hot corFF ion ItaIlure ((; specicQna)

Coated wiIh Al-Cr-Mn - 71:1
Coated with AEP No.32- 541

TADLE 2.113137 IIfI1T CFR)ItIF)I( 1 IIFK:SISTANF,: ()F]" .IINWA I,1. AFI.1,(1
NVIIII TWO IIOFIIIE[TAI!Y C()FX'IAN(;S IN HFS0(F -_ ut-",
T' MIEIOATII tiE TEST

COD 4212 ) il•70, IkIfur Stoles, Inc.

[PLGE20



NiCo
REVISED DECEMBER ¶WB NONFERROUS ALLOYS

Ni
15 Co

RiI-2Cn-lOfe-5. 5AI-4. ITI-IWo-0, 95V 1 C
1/4 BrA PITNS, 1 1/8 IN LONG10 C
AS CAST .5 A
TESTED IN A T URBINE1. SIMI;LA1R I in YCAL Or MIARIN,:EISEVICE 4.7 Ti
UISING COMPLEX TEMRMI'EATURE ANID VI I[C)CITY PATTERNS ('SEE. REF 29) 3 M
TEMPERATURES INCLUDSE PERIODS Al 1000, 1600, bOO ARN) 2000 F 3 M
VE:LOCITIES RANGE FROM 163 TO 275 Ii PER SEC. SULFUR IN FUEL 0.95 V
AL'PRGX 400 PPMII 

-0

25 ___________ SURFACE SCALE
RLMOVED AFTER
TEST. SCALE
WEIGHTS

20 -~ CALCULATSED
FROM WEIGHi T
MEASUROEMENTS

15 BEFORE AND

MEAN WRIGHT AFTER SCALE
0OF S1JAIE REMOVAL.

ICC
2  

10

C4 ,0 a i
0 n isý l

NICKEL BASýE COrALT
SGPERAI.LOVS 11ASE

FIG0. 2. 0.3138 COMPARISON OF IIGT-CGRRCSION BYI-IAVIOB IN A MARlJ4E T1URBIINE
SIMULATOR WITII CITIIER NICKEL-Aid) COIUAIT-B3ASE ALLOYS (21), pp. 1-1'?)

Source(3)I
Nontlial: R- Ctllr2 A-.Il-~-.1'

Aloy For actual conelnsi inlisi uee Fig. o21J2 (1)

Condtlions A6 Caist, Varifius Corupooitons
___________________________________ and_ 11(1 r0 Gr in zese Not,',,) ______

foul ptsimen &I t-st eC.ildidLon lit. It0 V, 1In. C. L. toolerd at BTC
2
)

I.i-oil of 1-401 eel m-mewois conceit- I E i t . V, (10(24 Is) RtA

frolics. No, anilgrolt,,i~c ]-I k.1Ž Pe~ rcent l's s'til

IsOs NY, i-lotf- (t rain Sim, 2 18 ii
Med'u ni No, 1-iso Crain 81ev 1 5:1. 2 112.5 9,. 05
Iligl, Nv, li-ne Grain Size 1 .12. 1; 9.) Uii! 91 01
lois Rn, Coarse Craln Size P142.2 lu7,11(m9,(1 ii 0.1
Medium No, Coats. (-Is Slot 128.7 9115,0 7.0 01
hilgh NY. Ciarii- Orals ,,izv L2h. :j 111112 a, 5 0.

Mli AMSee lp4181137 115.11 (11 5,0 o
il) Thrueasa) I ioo wsiit mminh- v Jt(IsIIe psio aehllsod by

additiiimii of Al f, Ti (,, saint- iws,olf- feal. S-eorl Ie(1 cool vii -olson
vacaitey cricnseulatfplii, No, lien gstigtll endencsy in firn; signoa

(2f All V0alue ulionti it-raeift if two Rulet esroiptati ds-igsateIL.
(N) (hi tesit- only.

TAIILE 3,0121 ROOM)1 lETiI El l INSfI-f-I lil! tKils -IS 01- AN

CANSTAlutlY IN iiL-: FVI-:l.S ftp IIUI:-Il'iI(i
VA lANt Y CO NC71iNlIAlIlIN, ANDU AT 15%0(1 I 1-Nfl I S
Ill-i; AIN SI/i-

C0118 --- - i - - -Lie. COD. 421



NiCo

NONFERROUS ALLOYS REVISED: DECEMBER WM

Ni
15 CO s,-roc (24) pp 3, .1, 6,8

10 Cr Alloy Ni-15Co-lOCr-5.5SAI-4.7Ti-31Mo-=.95V (nominal),

5.5 Al Condition Frorged(
1

) and Hl.a iycatcjT
2

) as Indicated
e.7 Ti Treated lIT + 1350F, 1000 hr lIT + 1550F, 250 hr

Ti + At Content (3)

3 Mo Low Med Hligh Low I'ed" High Low .ed High
MO -4ks) 185.5 183.5 175 179 187 164 17 1.5 176.5 151.5

0.95 V Ft- itt 139.b 140.5 141 144 142.. 14(1.5 124 12.3 120.5

IN-100 e (i,1.25IN) percent 11 17.5 1525. 52.5 15.3 22,!' 20.5 5

KA - percent 15 .14.5ý 11.0 12.5 .17.5 P6 21 18.5 .j

(1) 5 in dis casting extruded to 3.15dia @ 2051W. Flattened at 20501F to 1 3/4 think pancake, then to
1 in thick pancake, then to 5/8 in thick pancake. Machined Io 1/4 in din specinnens x 1. 25 in
gage length specimens.

(2) 2215F, 4 ears + 2000F, 4 hrs + 1550F, 16 hrs + 1400F, 24 hrs.
(3) All three alloys from same master heat. Additions of Ti & Al to form alloys of varying deyrev

of proneness to sigma phase precipitation, by controlling average eleetron vacancy Concentration,
Nv:

Low Nv = 2.20 : Ni-13.73Co-10.2 6Cr-4.95 A -4. 04li.-3. tifllo-.9l V
Med Nv = 2.40 Ni-13.4SCo-10.15Cr-5. 30Al-4.09Ti-3.5SMo-. 9il
High lv = 2.59 : Ni-13.42Co-10.13Cr-5.46A1-4.t3Ti-3.58Mln-l.01V

TABLE 3.022 MECHANICAL 1ROPI'E•ITIEI• ATl" O()M TEMI'"lXATUIi" OF FORGED ALlOY IN
TIINREP CONDITIONS OlF PlIINENESS TO SIGMA PHllASE PIIEIIPITA1TON.
PROPFFlTIES SIIOWN AFTER NORMAl. tIIEAT TINEATMENT AND AI"I'TIt It EAT
TREATMENT FOLLOWED BY EXPOSURE TO ELEVATED TEMPERATUIRE.

Alloy N I-lS G.:1)C -SOC-5.5f,1A_4._7T~ _i-3Mo-0IV
Slource (24) 1,
Condition ForgSd 4•111 (22151, 4 hn 4+ 200SF, 4 btw-AI 1,501V, i(l hrIwo

, 1400F, 24 hr.l::qeoere as Indicate~i)

Thermial fAlt Ti i 1 (kaltt t kntietVsi4)WA%
Exposure {coatent4

Heas I ) I 135. 5 1 15

T'reated h, cd I.omt) 18. 5415 17.5f 14.

HItlh(3) 175 1411 12.5 11

Exposed iow(
1

) 170 1414 12, 5 1. 5
10001 hr @ Medium (2) 187 142,5 18 17.r,
1350F Iit h("

1
) 164 1410.5 I8._ _

E]xposed LW(1) 1795.5 124 22. 215
S250 hee medien(

2
) 176.5 123 21, 5I

(w 155SFp, llhght
3
t 151.5 12. 5. 4,

(1) Sigma free
(2) Moderately sigma |)pone
(3i Very einga pro)nv, sce Table 3.0"2 foer actoal eomllsiltions

(4) Average of 2 tests

TABLE 3,023 EFFECT OF' lT CE1MAI, EXPOSURIE SUBtlSEUI:NT

TO- IIHEAT TREATMNIT tiN R(OOM "'OW vI,:EJtA'FUiID:
TENSILE I)11OPA(tTtEI JltO "O1(1;IEl• AILOY WI'II
THREI.E JIWVRI.'S OP Al , Ti CONTENTl (EILECITRN(
VACANCY CONCI;NTRATION, Nv, IWIELATIMN 'M
1PROP'ENSITY TOWAIRD) SIDMA 1tI"MA-li1ON)

CODE 4212 © 1974. Ilfuur State.., Dio.



NiCo
REVISED: DECEMBER 1M7 NON FERROUS ALLOYS

Ni 5r 00 10Cr-a oAl-4.76Ti-3Mo--A.ii5V (NOMIaNAL)
ACTUAL COMPOSITION N
1fJtW Nv (2.2!3); Ni-13.SCo-10.2. Ce-SAl 416`1 1-2..5rMo-. 98V15 c
MED NV (2.49): Ni-13.S3Co-10.14Cr-<.5AI-4.2•ITi-3.SSMo-.50V C
NIGHý Nv (2.65)! L1.C-OlG-.A-.1'-.1O .97V 10 Cr
ALL CASTINGS FROM SAME MALL'IEN HEATr, ADDITIONS 55 AOF Al AND Ti MADIE DURING CASTING TO ACHIEVE 55 A

DFSDSED LEVEL OF E LECTRON VACANCY DENSITY 4.7 Ti
AS CAST t EXLRS8URE TO 15,50 F FOR TIMES INDICATED 3 M
TEST SPECIMEN 1/4 IN DLA BALI x 1 1/4 IN GAGE LENGTH

IN -100

FTY

140

P,-

~10 W ta 0A

LOW MED 00011 LOW MED RIC1H

ELECTRON VACANCY DENSITY - N~v

rI-G. 3.024 EFFECT OLC8iIAT1550 F FORE 200( HR AND~ 1,Y1)w
2500 HII ON ROOM TEMPElsATUILET' ENSUL.E PROi'ED TIES
OF ALLO)Y WVITH Al-TI COMPOSITION VARIED TO ACHIEVE
THREE LEVELS OF ELECTRON VACANCY CONCENTRATION,

Saucer(28) pp, Z 4,5,7
Adoy Ni-SSCo-l0Cr-5..SA -4. 7513o-: SV(oinl etatalh )E

As Cast: NI-i 5.4 Co-SQ. 5Cr-S. SAI -4. 77'l-3.02.Is-. ISV
Coropaltiso FM Powder: Ni-iI.97Cj-Ll. 54C.r-S. i:SAi-Q.ý?I ar1 ttMo-158p" "210A
conap~siliW HPowder: NL-15'.4C)-SI(. 5Cr,-S. SAI-4. 7221-3.02IMo-i. OSV-S3 ppm 2

NM Powder:Nii.i-i.4r. A-.ai-. I-.SV7lpmL
I'M Powder ý2ý51 to 44 ti;ol:o.h

Powder SIre *,IM Powder -7o7 La 74 odeross
NMI Powder -S00tolL 44I m~crons
1111' FM Po~wder 'rsda 2320F. 25F,00(0 psI forj I tr Istrip I s 1.5 3. 20 iN
Hill I1W Powder; Ey.Ltrsded to 2/4 IN Dis Itod. Pressed at 2300F, 15, 000 psi 1 he,

Pofwder Csnsslldaflos E-,xtruded at 20OOFwill, 12:1 Neduotios
hiIred~ lst' -suecd I-1M & NM Powders ; LExlrsded at 2lSOF with 201:1 Re~ductionl to
1/2 IN Dia Nor a 7 Ft ______________

II~eonles I-reN/6 IN Ira threaded T-aIl: liar

AsCat WN Powder FM 1N5 NM As G-raIn
As Cast As -,r A 1111 ) oe A l] As -Note J As I-htr (:osrnesd

FLU ksi 143 - 1143 244 j 238 Doll,

Flty ksi 120 - 137 175, 17113

eili IN) 4 - 9i 20 K1 14

HA, PERCENT 8 - lo1 ItG 17

Hlardness ICO 1 32 1 5 .;1Ia 4:1 j 4:1 33

(1) EspIsIsed 2271F, 14 hours. Average grain si e loopIn Rom sor g-:ltis a- large aso lOo4 II

'lADILE 3. I,15 ROOM1 lt'I MiiLtAnuIi-: 'TENSILE 111'lll't-:I8al: AND IAiiLNESS4 (IF 1'OWtaic
NFITAI.I,LTItGY 'ltiiICj'Itl'i-:[`I'ALI-:t FRiOiM POiWDERSIi 01- VARIO~iUS COMIN St17ISNS
AND GloAtsI!N AND CONSOl 1iAii-E IvY SEIVL-':l1i -1C -lE



tiCo

NONFERROUS ALLOYS REVISED: DECEMBER 97

N Alloy Ni-l5Co-10Cr-5. 1A1-4.'7Ti-2Mo-0.9501'
Sore 11 p0 7. 10 -0 ________5V______________

15 Co Condiio, Superplastically Fore56d) ASTM Grain. Siz 12-14 Ni-15Co-lOCr-2. 5AI-4.?Ti-2Mo-0.3SV
ireat Soluttonized at 2050F, Stabilized at 1600F and 180SF + i AS CAST

10 Cr Treatment Precipitation Hardened at 1200F and 140OF >' LNNOTCHED CIIARPY IMPACT S1'ECIM-N.,

Disk 1 (499 - A2A) Disk 2 149 - A21f)
5.IA tT 130SF_ ST 1300WF

4.7 Ti Ft(kS9) 222.4 177.0 232.0 179.1 E4

3 Mo Fty (ks) 164.5 152.7 164.9 156.0 60

0 .9 5 V V pe rce nt 22.o 14.0 22.9 14,.7• V\

RA percent 22.2 22.3 21,5 16.4 TESTED ATST

1N-100 (1) Typical conlpsition: NI-18.5Co-12.4Cr-4.gSAI-4.32Ti- 40 -AFTER HOLD AT TEDP
3.2Mo-0.78V-. 7C-, 06Zr-, 028 FOR TIME INDICATED

(2) By patented Gatorizing, Process In 0 -2 GIAN SIVE <i/16
W 0I 0 GRAIN SIZE /-/

TABLE 3.026 TENSILE PROPERTIES OF SUPERPLASTICALLY 2,0 - U G SIZE ODTE4

FORMED PANCAKE FORGING USED IN FATIGUE 0 -E 1000 RI1 HOLD AT TEMP

CRACK GROWTH STUDIES

0 400 800 1200 1000 2000
110 LD TEMP- F

FIG. 3. 0291 UNNOTCEIE) CHAitI'Y IMPACT STRENGTlI
AT ROOM TEMPERATURE AFTER 1OL.]) FOR
500 OR 1000 II AT ELEVATED TEMPERATURiE

(4,11.11)

Ni-15Ce-IOCr-5.5AI-4.7Ti-3Mo-0.05V
TENSILE SPECIMEN 0.1 IN THICK x 0.1
WI]DE x I tIN UAUE' LENUiI'H

COVERED ON MAJOR SURFACES (NOT EDGES)
WITH .005 IN CLADDING OF NI-2oGCe-4AI-I.5Si
PRESSUURE BONDED 2 HR AT 2000 F, 15 ES1

PRESSURE

TESTED IN THE AS-CLAD CONDITION WITHOUT
OXIDI•',ING, WITH EXPOSURE TO TEMP CYCLE
R;IN ARGON TO AVOWD OXIDATION, AND IN
FURNACE OXIDATION

TIIERMALLY TRHATED RARE
ALLOY (ONE 2 HRI CYCLE AT
2000 F + ONE 400 lilt CYCLE AT
1900 F IN ARGON)

•S CLAD, ,oN-UXI(DIZE0 Ni-lSCo-1OCr, 5.51-4.7Tk-3fMo-0.).iV

p AN OXIDIZED IN FURNACE (4005SCS
1 HR CYCLES AT 1900 F)

160 - . . . . .. . . .

120F

40 40

,i -- ?

FiD FTY e(I IN) STRAIN
FIG. 3,0:3I11 STRIENS-KTIIAIN CUORVES FOR AS-CAST A LLHY

Fil,. 3.027 COMI'AIUý;)N OF TENSILE PROPERTIES AT ROOM AND ELEVATED TEMI'EIRATUISS
OF ALLOY WIT!! NI-20Cr-4AI-I.2si (10 p' 7,10. 115 IEVIRE11D IIY 'EILSON-
CLADDING ALLOY DEFORE AND AFTER AL COMMUNICATItN, METCUT TO
OXIDATION (42, jp.2Z,3,S0,29) MPDC 6-13-7i)

CODE 4212

0 '•978, BelfoarStaln, let.

PAGE 24



NiCo

REVISED: DECEMRER IM NONFERROUS ALLOYS

NA--Co-F-.5^1-4.7T1-3,o-0.OV N i
CAST TO 1/4 IN DIA BAD SPECIMEN x 2 IN GAGE LENGTI

40 COATED BY TRW WITH PWA A47 COATING PLUS 15 Co
1975F, 4 Ill1 I.N VAC, 4 RAPID ARGON QUENCH 10 Cr

5.5 Al
16- _4.7 Ti
120 70F 3 Mo

1 1i/ la0.95 V
0 1832F-100

40"

STRAIN

FIG. 3.03112 STRESS-STRAIN CURVES FOR JO COATED ALLOY
AT ROOM AND ELEVATED TEMPERATUIRES

(16, pp. 7, 10,123)

Ni-15Co-lOCr-5.5A1-4.7TI-3Mo-0.95V

CAST TO 1/4 IN DIA SPECIMEN x 2 IN GAGE LENGTH
AS CAST

1.60 1

200 FT
1

Ni-15Co-.OCr-5 .5A1-4.7 T-3MO-0.95V 120 > 71-
AS CAST

160 ,100

I-,

., 0 P 04- -
800

80 4 0( 2 0

W A

ti _

0 __K0 100 100o 16000 ib0o 1800 19000

0 400 8009 1200 14,00 2000 TMTEMIv~' - F FIG. 3.03122 TENSILE PIIOIERT'IES OF A0 CAST DAli AT 11011
FVG. 3. 03121 EFFECT OF TF'r" TEMIPEIIRATURE ON AND ELEVATED TEMPERATURE8(16,p, 13,112,114)

MI"(CIANICAL PROPELITIES AH CITED
13Y ALLOY I)EVELOPEIR (4, p.7)

®V178., Relfor Stu, Tm. CODE 4212



NiCo
NONFERROUS ALLOYS REVISED: DECEMBER 1978

-Soure (I4( pp 2. 3, 7, 68. 69
CNi-T '1o-I Cr-B.5AI-4l7TI-3.0Mo-EN • y -1 -,-o -I r- 5. 2A I -4.7A1G -3Ao-y.U

Ni CAST T"O 1/4 IN DA BAB SPECIMEN x 2 IN GAGE AoAs Cast + Coated with Two Proprietary Coatings:

15 Co 160 LENGTII I Cnditn Al-Cr-MI: or AR1) No. 3V15 CO |JOCOATED BY TRW WITH{ PWA A47 COATING PLUS ontonSee Fitk. 3. 0515 for Coating ,niin

10 Cr l t•L . 1975 F, 4 fIRS IN VAC 4 RAPID ARGON Se F; C3, (A515for Caipg C'ditioFl-

S0Crpecimen L.w Simolatod Airfoil, See F0 4. 3.0515+~ ~ " ('0" +A.5 A INo..32UCoall -- A l-Cr.-Mn-o-i

4.7 Ti TU RT 1)

3 Mo no _--- 
kFl) 114 125.0 7.0 101.6 1.0.3 68.4

0.95 V F fksi) 508.9 101.5 55.3 96.7 108.4 49.9

IN -100pecn I I
(i) Average of two tests

TABLE 1.03141 TENSILE I'OPE'IIlES AT 1t0GM AND FIEVATFI)

TEMPKIIATUGtES OF TIIINWALL ALLOY COATED

WITH 'IWO P1OPIOETAI.Y COATINGS

4{I -- Si-15Ce-10Cr-5. 5A1-4. 75Ti-3Mo-O. 951'

2 x 1/4 x .040 IN SHEET
16 AS CAST i CODEP C-2 COATING (AII'10OX.

H 2 1:01PARSI'AL STRiIP BY LOCA LIZED GRIT

12 BIT;COMPIETE STRIP BY IM\4MERSION IN

S OLUTION OF" 30 V/0 IIN03 + I V/0 TULTCO

4104 FORI 1HR.
RECOATIING WITII VACUUM FIRED SLUIRIRY

8 S1.P PACK OF 563 Cr-44 Al
o0XDIZEI) 150 ILS, 1750F

e(2 11N) TESTED AT 1800F

4

0 00 1.500 1600 1700 1800 1900 FTU OF UNCOATEI) ALLOY AT 1800F - 56.3 KSl

TEMP - F 
FTY OF UNCOATED ALLOY AT 160000 - 41.Z &'M I

FIG. 3.03123 TENSILE PROPERTIES OF JOCOATED BAR AT ROOM H
AND ELEVATED TJIMPER:ATUICF, (16PP,13,121,122) 

0 •t

<1 Q4

o,, .. ....,o
U U

"-U -4;TYw

Source H3)9 1

Allo ~~Ni-15Co-10Cr-5.5AI-4.711M-0SVB
215crI2 .hr 25F 24 Ihr 190F 14 hr H H ATING,':Il HEcR

[4P•~ POESEON TNt,E -I D

Condition As Cast Rapid Air Col Rapid Air CoolURapid AiA Cool MA .

Tested at 1300F' H4 2,F

F~,(ksi) I Fl 138 12Z9.3a 335.7 H 1F 00 H a'

124,3 A. 114.7 1t 130 0 1;,1 F.1{)

124. 4 2 1.] 
© •'O,4Ho Ntfl,•

C' percent 

8. 

.

4.5 

3. 

120 

L

RA prect 14.3 70 8,1 5. ¾a oý o NoL

(1) All values average of 3 tests. 
U10

H 100 0 V
TABLE 3.031391 EFFECT OF SEVEIIAL SOLUTION HEAT 0 0

rthEATMENI-6 ON THlE TENSILE PROPERTIES 4111

AT 1300OF 80

FIG. 3,03142 F~miTC'' 1-COATING, lllTlIiS

A JITiHi RXiNJSiUIII:, A ND SEVERAL
l{Ei'Alti ON{C~LRS11 TENSIlE AND

YIELD SIT E 13141H Ai 11.001'COMIAIRI)

,I o AL' CANT UNCOAI 13:1 BASF MA-I-FRIAl1

[IDE"ELF421V2 
@1978, Bel~four Stl~ie, Ine.

PAE 26



NiCo

REVISED: DECEMBER IM NONFERROUS ALLOYS

NI-15Co, loCre 5.Al-4.75'i-3Mo-0.95V 
Ni

2 x 1/4 x. 040 IN SHEET 15 Co
AS CAST + CODEP C-2 COATING(APPItOX. 10 Cr
V2 N iLS)10 C

PARTIALJ STRIP DY LOCALIZED (Rill BfAIMO 5.5 Al
COMPLETE STRI' BY IMEIE;IlSION IN SOLU- 4.7 Ti
TION OF ISV/) IN01` 1 IV/O TURCO 4104 3
FOR 1 ItOUl. RECOATING N\ITII VACUU1M- Mo
FIRED) SLjEURY S•LIP PACK OF 56 Cr-44 Al 0.95 V

OXIDIZED 150 11iS, 1750F IN-100
z TESTED AT 180OF
0 ELONGATION OF UNCOATED ALLOY AT

ixOOF - 5. . PERCENT
OK

80[-

0" o

FIG. 3,03143 EFFECT OF COATING, BIC[H 1TEM1ERATU'1F
EXPOSURE'•, ANI) SEVEJIAL RIEPAIR PBROCO SES
tjq •ati Ad i0k0vxii•nkteiEon -u 0 AS

CAST UNCOA'I'•)D hSE MATEIELXIL(25, 1i3).36.115, 118)

Source (39) p, 330 1

Alloy NI 15Co- OCr-5.5Al-4.7T1-3Mlo-0.!5V 95V

Condition Powder Metallurgy product, dleformed ond hieat treated as shown
Extruded 10. (i to 1at 200SF.1I Rolled 3 to I at 200m1 4 Extruded 10. 1 to 1 at 20000]

Extruded 10. (1 to 1 at 20001 215IV. 4 br, oil quench I Superplasntcaly de'nn-

Rolled 3 to 1 at 200OF 1200F, 22 he, air cool I ,4 d 100T in ten at 2000F

1.1001F, b hr air cool I 22751, 1(; hr, ar cool

RT

"Flu (ksil) 310 254. 6i 170.7

""ty (W) 295.8 177. 8 120.4

e percent 12 27 10

IRA percent 8 25 13

120OF

Ftu (knl) 257.4 204,8 16;3.

I y (ksi) 241.8 18t . ; 125.2

e p-crent 10 15 8

RA percent 16 12 10

TABLE 3.03151 EFFECT OF REDUCTION PRltACTICE AND HEAT "IIEATMENT ON WlE TENSILE

PROPERTIES AT R1 AND 1200FI (IF POWIDER MET-AIiIGY ALFOY

@©1978. lelfourStulen, Im, Coot 4212
PAGE 27



NiCo
NONFERROUS ALLOYS REVISED: DECEMBER 117

' I I '
Ni Ni-l•co-l0cr-I0. rAI-4.,mn-aol,,-.o,.'

15 Co 1/2 [N DIA BAR (Nominal)

10 Cr As EXTRUDIED5.5•0 Al'APLN:.l25 
FOR DE'TAILS OF POWDER5.5 Al co,0rjosmTON, C.ONSOLDATION

4.7 Ti PARAMETERS, AN) R.T. PIOPE19RTIES OF
ALLOy

3 Mo
0.95 V

IN-100
_ _ __ N`'M AND NIM POWDERS

Ni-15Co-10OCr -5.5A1-4.71T-3BM-0.95V 0 AS EXTRUDED

5 IN DIA PANCAKE FORGED FROM 1 3/4 LTA BARSTOCK

PREPARED BY 'ALL INERT' P & W PROCESS
HEAT TREATED) BY MODIFICATION TO 1'WA 1028 2__

W 0-4 io- 1-2 10-1 1

240 - __ __ .STIAIN FNAT'}-MIS-
1

OFIG. 3.03153 FLO3W CIIARACT EI-ILTICS OS TILE RANGE
AT LOW STRAIN DAXTES AND TEMPERiA-SP220 . IFICATTLES SHERE SUPEEPLASTECITY CAN

FTU BE ACIIDEVE•D (2S p. Z-24)

I , 0 00

180 ---- ---

140

SPECIFIED MDNIMUM. PROPERTIES•

iH 2

Dy0- 10&w FOR2 IN- 10(1A 0

0DATA FOM "GATORIZED" Ni-L5 Co-lO'C-5 T. 5 AI-4.7.,'Ii-3Jdt,-0. T15(NOI.IINA I,)

-- PANCAKE i /z TACIT T DL ]AlI

2 AS EXTRAUI)NEI

SEE TAPIEG 1.025 3OD ])I"LA!I 1 (IN TERAONEII
20 T COII, OSIT'ION, CONSALDJATION I'AIIA/lI.:ED

I-,)55 AND RT I'ROI'EDRTIES OF ALLOY

S180

S~~IO I"D Ii\VEII

oJ 0 -- INA I.OTAIUI)EII0400 E000 1200 1000A0XI) 1,!

1.10.3.0212 TE SIL RPECITIES OFIPEIMEN FROM PWDIT.,- (1SO

ALLOy PANCAKE AT RT AND 1300F, wITH COMPARISON 2 ST 'LOI

110`
4 

iW
3 

FI 10-2 1OF 110" Ill 1
1)I-:C(OI IiONACION lIATE - 51C -

FTP. 3.03154 I AND ATTTON I 'TINVI' ,N OTT[ NSF AN)) IA;OY

1)'1K()IIMBATEON R(ATE AT 15III) TO111111

11'11l A lIl, II EXTT1'}UIIEIT) l1[l1,I.-TI'l' ]"Y 111
AS V)I: IT. (10 I1' Z-22;

1O 400, 50Rou S1200, 160.



NiCo

REVISED: DECEMBER 11Mh NONFERROUS ALLOYS

Ni-150 0 -IOCi>-0 5A1-4. 711l-11Mo-0.,q50Y(Nom~inail) suJ 2i II 0N

1/2 IN DIA OAR I-Alloy Nj-l5Co.-l0Cr-il. AI- 1,7Si'-3NIo-o(. 9W1 15 c
AS EXTRUDED Aes Condtit 1000' 4 rs AC15 C
SEE TABtLE 3,0311 FOR DETAILS OF POWDERt T10S Codtin100p

COMPOSITION, COtNSOLXDATlON PARAMETERlS Ileoo 12Ii dVOW 10 Cr
AND) R.T. PROP nERIs OF ALLOY FIt4T11. 10.2111075 875990 134.0F 5.5 At

1,11i) 5.0H 101.0 1061;. 8.7.5 99.0,. 1011.1 4.7 Ti
ty(kl 3 Mo

V4 O 30 & N AW.E percent: 14.7 fi. 7 ,, 2.0, 7.1 09
P1 I4 SXHME AL 31.10171 TENSILE 1CRO1PEIATIES AT HI ANG LOOF1 IN 114-100

0.20 
5 000 p05i lEIIRIJM AND HY1DROGEN

z

ZIOOF

10- 10
2  

lb-1 1 10

STRAIN4 RATE - PERCENT

FIG, 3.3155 1110H1 (TR.AIN RATE EFFECT 0.1 ELON-
GATION AT FRACTURE AT 1900 TO

210OF FOR ALLOY DIRECTLY EXTITuDEr)

FROM POWDER, (20,P.Z-22)

1 ~AS CAST (NIEIIETEl) AN)) cAST IN Alit Ol1 IN

Ni-1iiCo-IOC0'- 5.1AI-
4
. 7T1-lo-O. 951V VACU1UM, ANS INDICATFD))

TENSILE SPECIMENS CUT FROM 2 1/4 IN DIA

I'REI'AIIED FROM POAWDER PARTICLES Dy 'AlL1

INERT' POWIJEII METALLURGY PROCESS OF

PRATT & WHIlTNEY AIRCRAFT ill2() ~ V'AC 
MEILT

Z11/4 IN DILLET EXTRUDED FROM 5 IN DIA - AND) CAST

COMPACT
1110 -- ______AIJI MELT

13,1 M Rj.lEfT EXNTRUDED FROM 10 1/21 IN AND) CAST

DIA COMPACT

0 1/4 IN 
8

jDIA BIJLLET (33)

V_ 
4

0HO

02

10)

014010 150( W 1100o 170)0 1H0(0

19100 2000 Z10)0 TVAIl- F

TEMI' - F 1,16. 1.03ý111 EFINE-l 01l-I lET ENMIEAIM~11E tIN

L111IMPlIESN;10N YIFlD STRP.NNC7I 11 J.'11 Alit

FIG. 1031156 SIMEMRPLASTICITY J'A1tITII)IE 11" POWDERTtIl7'1 AND CAST ALLOY ;,ND FOR0 VAC111,1I

METALLURGY ALLOY (13., FIG, 31), (:14, FIG. 3) MIELTED AND) CAS") At-loY (32, FlU 4,15)

PAGE 2



NiCo
NONFERROUS ALLOYS REVISED: DECEMBER 107

Ni-lSCo-l0Cr-5. 5Al-4. 7Ti-3Mo-0. 95V

N I NI-5Co-lOCr-5. 5A-4.7TI-3Mo-0. 9V CAST TO 1/4 IN DIA BAR SPECIMEN x 2 IN GAGE

15 Co AS CAST LENGTH

10 Cr CHARPY V SPECIMEN JO COATED BY TRW wITH PWA A47 COATING

|5.5 Al 5.5 Al PLUS 1975,s 4 ,RS IN VAC + RAPID ARGON QUENCH

4.7 Ti 20 
TESTED AT 1062F

3 Mo 2 -
0.95 V 6 0 I

57 II
I 0 COARSE GRAININ-IO0 -- .> 1// I) N 4

IN, I (Ay OF 2 TETS)
w 4 5 K 16 " - -.- I

4- - - --tH FINE GRAIN - 425-S

I<) 1/18IIN)/

CHARFY V NOTCH

0 400 800 1200 1600 2000 (2 in

TEMP - F 0
0 200 400 600 800 100D

FIG, 3.0331 EFFECT OF TEMPERATURE ON CWAýRPY TIME - HE
V IMPACT ENERGY (4, p.l1)

FIG. 3.0412 CREEP CURVES FOR JO COATED ALLOY AT 1562F.
(16,pp. 13,41Z,124,120,)

NI-15Co-lOCr-S.5GA-4.7TI-3M-o0.95V
CAST TO 1/4 IN DL- BAR SPECIMEN x 2 IIN
GAGE LENGTH
AS CAST

TESTED AT 1697F

NI-15Co-1OCr-5. 5A1-4. 7TI-3Mo-0.95V z U

CAST TO 1/4 IN DIA BAR SPECIMEN x 2 IN w 38 l1-I
H GAGE LENGTH AS CAST w

c.)ra • i27 "1i

TESTED AT 1562 F

00

144

S)- - 0 200 400 600 800 1000

0 200 400 600 000 1000 TIME - IIR
TIME - HK

FIG. 3,0411 CREEP CURVES OFAS CAST ALLOY FIG, 3.0413 CREEP CURVES OFAS CAST ALLOY
AT b56lF (16, pp. 13,112,114,117) AT 1697F (10, pp. 13,11.2,114,110)

CODE 4212 (1978,. Belfourfitulen, Im.



NiCo
REVISED: DECEMBER IM NONFERROUS ALLOYS

Ni
15 -c
10 Cr

Nt-llCo-loCr-5. Al-i.7-ri-aMo.-. •v 5.5 AlI
CAST TO 1/4 IN DSA AR, SPECIMEN x 2 N GAGE 4.7 A.
LENGTIIJOCOATED BY TRW WITHL PWA A47 COATING 4 Ti
PLUS 1975F, 4 HIS IN VAC + RLAPID ARGON QUENCH 3 Mo

TESTEDAT 1 0.5

IN-100 -
El 32 KSI 27--S

W. 2 6 KSI
VI 26 -36K

0

O 24.5 KSI

1 (2 IN) Nt--15C.-I0Cr- 5. 5A1-4. 7Ti -3 M.o-0. 95V
S-• . CAST TO 1/4 IN DIA BAIR SPECIMEN % 2 IN GAGE

0LENGTII JO COATED B~Y TimI% Wrifl FAA A47
0 200 40LI 600 Soo 1000 COATING PLUS 1975F. 4 HIRI IN VAC 4 RApI])

TIME - HR ARGO3N qUEINCII

:FIG. 3.0414 CREEP CUrRVES FOR JOCOATED ALLOY AT 1697F1ETE'T 82
(16 pp. 13,121,124,126)

S18, 5i KSI

4 1 2S

N(-15C2-1ACr-5.5AI-4.?TM 2A

CAST TO 1/4 IN DIA B.AR SPECIMEN x 2E N GAGE2

LENGTH AS CASTT EI

TESTED AT 1832F// IN)

0 21L 4117,. 600 IN0 A000

TIME -AO1

I. l 17 KS. 4FIG, 3.C0R1C6 CREEP CURVES FOR JO COATED ALLYy AT 1832 F
(16,pp( 13. 11, 124,127)

z

I m
S/19.1 KSIzz

15 140( 11. KS

0 200 400 6o0 8010 11000
TIME -GIRES

FIG. 3.0415 C1.EfEP CURVES OF AS CAST AFLGC OA AT21832F.
(16,pp. 13, 112,114,119)

V 1! 9 7 8 , i l el o u r S t u l on . I n m .P 
A E 3

PAE 3



NiCo
NONFERROUS ALLOYS AFIMSED: DECEMBER 197w

NNi
15 CoASCT
10 Cr 05PECNCRP

5.5 AlCRE
4.7 Ti 90

3 Mo02PECN
0.95 V
IN -100 8

10 20 40 GO 100 200 400 000 1000 2000

TIME - lilt

FIG. 3.0417 ALLOY DEVEL)OPER'S SUGGESTED DESIGN CURVES FOR CREEP STIOAC-4 AND CREEPl

RUPTURE AT 135SF (4)

90 
Ni -15C'-l10 r-5. 5Ai-4.7fP'I-2501-0. 95V

AS CAST

0. 5 111.1C ENTI RE RPUE

10

0.2 PERCENT

1, E R(E

C It[NE P SýTHAIN ANI) C lIEE HI(I P'1IN UB
15001"

10) 0 40 6 0 lot) 2100 400 0(10 100)0 2000 41000

TIME l-ilt

FI.3.0418 ALLOY DEVELOPER'S sUIGGESTED DESIGN CURtVES; FORl CREEPP s'TIIAIL AND CREEP RUP1TURE)

AT 160OF (4)

CODE 4212q (p)1978, PIeIour Stolen, Inc.



NiCo

REVISED: DECEMBER 1978 NONFERROUS ALLOYS

Ni
50 RUPTURE Ni-15Co r 5.5..I-4.'T-3Mo-0.V 15 Co

AS C A'ST ,

..•p ERICENT 10 Cr
5.5 Al

4- .4.7 Ti
40 .5 PEHMýEl••.- "•_( I3 M

SCRE -"3 M
0.95 V

430 - IN-1000.1 PERCEN•T • I-•_

20 
3

CRIEEPI STRAIN ANID CRSEEP RlUPTURlE
17001'

101:1 -. ,I 1 . I - I .I

]0 20 40 60 100 200 400 6uu 1000 2.00 '(000

"TIME - 101

FIG. 3.0419 ALLOY DEVELOPERIS SUGGESTED DESIGN CURVES FOI, CREEP STIRA5I AND CREEP

RUPTURE AT 1700F (4)

0 R[ l I URE

177 ,,,,N
ICIJUp F.RE - . . . 5T ,-'_ . qV

0. 1 PERCENTCRE

10 CREEP

20 --- -- .- ~r -- -+- --___

0.1'V STRACIN CREE CRE RUPUR

1O 2 41) 60 1,00 200 .Il00 611 0 I(]o 000 1(])

TI'ME:11 -flit

FIG . 3.04110 A LL OY'i DEV ELO PER 'S SUGG EST ED lDb -iGN ( LV} ; 1'; C RE EP ST RAIN A N-SD CR ,'ESUlN RUPTURE A '"'0 "

(4)

rV

(4)
0~1978, Bellour Stulon, 1wu. CODE 4212l
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NiCo
NONFERROUS ALLOYS REVISED: DECEMBER IM

30 --

15 CO NI-15Co-lOCr-5.5AI-4.75Ti-3Mo-0.95V

10 Cr 20 A_ Is s

5.5 Al RUPTU•E

4.7 Ti H0141i
3 Mo 10.95 v --- L

09 V -- - 0.5 PEIPI.CEN'1" C.RIEEI;•. ••_••

IN-o. 5 P ERC ENT' C iiE i-:l:IN -- 100 I•l 1. I..1 EN IN -C;A _

10 20 40 60 100 2'0 400 600 1000 2000

TIME - l[

FIG. 3.04111 ALLOY DEVELOPER'S SUGGE-STED DESIGN CURVES FOR CREEP STIOAIN AND CREEP

RUPrURE AT i.00F (4)

)

Ni-15Co-10C r5,, 5AI•-. 75T1 .-MN- 0. 05;V

AS CAFET

100

o) 17001

10 _- • -' 00~i"j-• - -;s I'-" - -"

11 MINIMUM CIIIHEI RATE
2 II .. 7.

-4 -2 -2 -1
10 10 10 10 10

MGINIM ]M C (1'l~';" ~lbk' F - 1'E111I'NI1']" IIPE IJOUI

FIG. 3.0•112 MINIMUM CREEP ILATE CURVES F•R TEMPEIUVI'UI'iE FROM 13150 To")
10300F j5)

CODE 4212 @197B. ,,elfour Stuleti, c.



NiCo

REVISED: DECEMBER IM NONFERROUS ALLOYS

Alloy NI-15Co-10Cr-.5. IAI-4.7'r-F Mo-0.!)sV(a) NI-15Co-OCr- .5AI-4. 7Ti-3Moo. OSV

Source (19) p ii, ,7 19 CAST TO 1/4 DL, SPECIMEN x 2 IN NI
Co3ndition SuporplasLically Forged l (i (AGE: iENG'ri 15 Co

ASTM Grain Sice 12-14 AS CA4'T

Solutlonized at 2050F, Stibilized at 10 Cr

he-at Treatmenft: 260(1Y and 1800F', IPrecipitation5. A
. Hardened at 120eF aunl 14001 70 -5-

[JigS 1 (499-AZA) DRsk 2(199-AL) 4.7 Ti
1309F 13501' 1300F 12350F I FERC ENT CREEPC

80 ki) 95 ksi 80 k.i 95 ksl 60 1ETCE 3 Mo
""lme In 0. 1 Percent Creep- 114,5 STAI z 0.95 V
Time to 0,2 Percent Creep hr 175.95 142.5 'STAGE CiEEL' IItuINUIN u
Time Io Rupture, hr >2:1:.3.2 29.0 > 14:3.2 14.9 -1,I 10
o at Fracture, Percent 'At I 7)
1RA at Fracture, Percent 15.9 - 12.2 40 l'EiICENT CREEL' - J'

(a) Typical componition! Ni-18.5Cn-12.4Cr-4.98AI--4. 32Ti-3.2Mo- 3 562F

0. 78V-. 07C-. OtZr-. 02B I2SA') RUPTlURE
(S) By patented GATOISIZING PROCESS 30 3rdI SfA'- -

TABLE 3.0421 CREEP AND CREEP RUPTURE PROPEiRTIES OF 1-

SUPERPLASTICALLY FORMED PANCAKE FORGING 2(1 1 PFi, -U
USED IN FATIGUE CRACK GROWTII STUDIES CENT CREEl" RUTRE

SiAit' 3rd STAG.CI 2

2l' 50 100 200 50f9t 100)0 2000

TIME - lil1

FIG, 3.0431 (1:IJA'1ON AMONG START OF TilliD

STAGE CRKE1i, TIME TO I PERCENI
CREEP, AND RUPTIJRE TIM)-,3 F1R AS

CAST ALIAY (16,p.116)

Ni-SSCoA0C~r-1.5.AI-'4. 2'Ii1M-(1
CAST TO 1/4 IN DIA LAt SPECIMEN x 2 IN
GAG, I.NGTII JOCOATfI`:D 1Y 'ItRW WIT]! P'WA A47

COATING 'LUS' 1U757F, 4 TIILS IN VAC + RIAPI)
ARIGON QIIENCI[

I WII U T U I L I• • PENT - --..l~
so - --: • c~ QE .,L . . ..'

STAI-T
led STAGE

40l i E' tCEiL INT CljEINK -... p-,-
STAR' I'AI)T , -" Q . .

: 3 -,di SIACR,/ --

1tEI C ii C T).).,, I < ,l - -

S:)l ST'JA ;: CII'I q •1• '"'.• g-O-
v, I~*~j* .1 • 10:12 1P2 N 5(1111, 1111- 1 )11 0

T[MI' - ll,

lFI. 3.10432 IIEIA'TION AMONG ITIM I 1 .' OF 'l 1 .HIR i A(Il

CREI):';. TIME To 1 I'iII';N'iNT (CRlF' AND

ltUttTIRTI': I I"E ( Ht .It1COAT'() ALLOY
(1i2I.. 114)

(651078, G.tour Stle,, Inc. CODE 4212
P AG 35 ]



NiCo
NONFERROUS ALLOYS REVISED: DECEMBER 1978

Ni
15 Co
10 Cr

5.5 Al
4.7 Ti
3 Mol
0.95 V

IN- 100

2 x 1/4 x 064U IN S~lIEET

As CAST 4CODEP C-2 COATING (APL'lOX 2, MIL)
PARTIAL STIUL BY ILOCAIIZEIT) CIUT BLAST
COMPLETE STIUI' JAY IMME.RSION rN SOLUTION

OF IOV/O lINO3 + 1 V/C) TIECCO 4104 FOR I MI1.

IOEIAIIII:) 11Y IECOATINGOWITl! VACUUM
F511151) SLURRY11 SLIP PACK OF 56 Gr-44 Al

OXIDIZED 150 1115, 1750F
TEST ED AT )IbOOF, 210 1•51

FT1 1 OFLUNCUAT!KD Al IJT AT 16101 - .56, 3 KN
F'1-y OF UNCUATFI) All/I ATl 16065- 41.2 KLSI
c(2 IN) 01' UNCOATED All/fl AT ILOOF -

5.6 PEMCENT

H0 W

00-

O6 E-t 
0

c 2 5 , YLI 6 HUl

120 ur ) , v-f

I40 .41-S))+y j

160~ 0,. "U

IUD c0&IUt ~ l[-I ' L

1 l LECiN1 P TOII: 'IIlNItE E10 N 1111UR

P1•!) C EIN

FI-'(. a.01441 CILEI'ANl) RUPTURE11 IlsiVFIITII', 111All! S
AF'JII:11I1-1:AlAII oI oQIA'J 1(N IIAMlAI I ANI
MECIIAPJCAI DIAMAGE'IFE'I (25p 16, 110

CODE 4212 019,18, Ilutlfour StuIti Inc.
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NiCo
REVISED: DECEMBER W7 NONFERROUS ALLOYS

Ni

15 Co
10 Cr
5.5 Al
4.7 Ti
3 Mo
0.95 V
IN-100

Ni-15Co-l0Cr-5.5Al-4.75Ti-3Mo-0.95V

90 . I AS CAST
1000 1R 10 1R0

80- _ __ _

70 - -0 h

TIAL UT E RUPTURE A

40 - _ -- _

30-

20 ___ ___ ___

101-___ ____

1300 140Q 1500 1600 1700 1800 1900 2000
TEMP' F

FIG. 3,0451 TYPICAL CREEP RUPTURE PROPERTIES Itl LIFE DANCE FROII
10 TO 10, U00 RIRS AT TEMIPERATURES FROM 1300 TO 2000 F (4)

PAGE 37



NiCo
NONFERROUS ALLOYS REVISED: DECEMBER 1IM8

i CAS' TO 1/4 IN DIA BAR( SPECIMEN x 2 IN

15 Co GAOGE LENGTI

10 Cr AS CAS T

5.5 Al
4.7 Ti
3 Mo 00
0.95 V .10

IN-100

20 -

50 100 200 300 500 1000 1500
RUPTURE TIME - fill

FIG. 3.04E2 CREEP 1UPI'TUR]( CURVES FOR AS CAST ALLOY
AT 15621•, 1697F, AND 1832F (16, pp.13, 116 120)

~INi- 15Co- ] Cr-5.5A1-4.7Tl'i-3Mo.-. 95V

AS CA ST
O INE GlGIbIl/'16 IN)

* COARSE G(RAINI-1/8 IN)

102 -- SlOOP
-" --- -- 1500F

29 70F

11

10 2 5 102 1o3 104

TIME; - I111

FIG. 3.0453 CRI'I I(UI'UIP E I)AT'A FOIl AS

CAST Al.)I" AS DE'3 EI'IIINI) IHy
IEV I11, 1ElI (4, p. 6)

Source (38) p_95
SAlloy Ni-l5Uo-1OCr-5. 5AI-4. 'l'i-:31M,-0. 95'

codition 215011. 2 Hit 111001., 24 ir 20501]., 2,1 !1r
AR C dKtapld Alir Cool Itpid Air Coolllapil All, Cool

I 
ls 

e t

10(:1, 2!1 kbl
lifd |l(1) 31.01 :12 "0.3 25.9

6, '9 ,i.. m 8.5 7.11
RA, pIcrcv't 8.9 1ýý.7 13.5 9.:1

(1) All va u(tH ;Ivrg'. of 3 t,.lo

TAIIL.: 3. 0!0l i;2'') P S1':V(AL )('I,11 iN HEAl TREAT-
Ml,1 I., S I' ON111 T (VCl' lE11-11111URl'tl' Id 1,1P. AT l* q0"

CODE 4212 Q @1978, Be•uwu Stulen, Iz,.
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NiCo

REVISED: DECEMBER IM NONFERROUS ALLOYS

i Alluy Ni-N!Co-l0Cr-5. 5Al-4.7Ti-31o-0.95V
Source Mayne, (10 p 3Ni
Condition As Cast (Bare or Goated A. Indicate~d) 15 Co34 kol 22 ksi I?1 ksi 13 k.si-

17ooF, 1800F- 185oF 19001 10 Cr(a) 5.5 =L3t Al_

Rae C ted Bare coatvi a) B u-c Coated Bntiu- C-oaZ 55 A
C reep Rupture 68.4 1 3,7 122 129 224 170 ISO 210 4.7 T!

fife fl~rs3 Mo
e(1.. 2 0.2 04.5 10 51 9-n.9

(a) Hlaynes 0-9 coating

TABLE 3.0471 EFFECT OF COATING ON CREEP HIPTUIIE PIIOPEItTII,:S AT S'ImIhESSES AND IN -100
TEMPERATURES YIELDING CREEP RUPTURE LIVES IN THEl. HANGE OF 50 TO 200 OUG, S

iNI-1SCo 10Cr-5.5A-•. 4711-3M1u-0, 95V
CAST TO 4 IN HAR SPECIME:N x 2 IN GAGE LENGTH
.10 COATED BY TRW WITH PWA A47 COATING +

1975F, 4 ILIS IN VAC 4 1tAPIJ ARGON QUENC11

2F

- 1832YF

24-----

Ni-I C r-1OCo-S. 5AI-4. 7Ti-31o- 0,95V , II
CAST TO 1/4 IN DIA HAII 6PECIMEN x 2 IN

GAGE LEMu~ii WIil W 4 OT
JO COATED BY TRW WITII PWA A47 COAT- z/
ING PLUS 1975F, 4 IIHS IN VAC + IAPID V.

ARGON QUENCH------ j7•B
70.

•! 155Z F

50

30•--' _-16 - O 0 156;21-1

44

10

50 t00 21f0 300 500 10(110 1) 100 21111) r1 10000
RUPTURE TIMTE - Ill ItUPTUR E TIMllE - lit

FIG. 3. 0472 CIM-A) IIUPTUhFE CURIVESI FORl 3O CO1A'rE-D 3. o7.4117 toitfI'ý 1ATONI'fC:N DUICT11lITY ANI) ft'I'ui:
ALLOY AT 156ZF, 1697F, AND 1832Y "IE h'A' 15(i1.. lOIIl, AND P43f21 "Olt .10 COATED

(10,pp. I1,121.12H) AIll. "Y j10, 1p. 13, 124)

Cc .1978, Betfour Stulea. Im. CODE 4212
"-- PAGE 39



t
NiCo

NONFERROUS ALLOYS REVISED: DECEMdER 1197

Source (-I() pp 2, 3, 7, A4 .Ni Alloy Ni-15Co-lOCr-5.5At-4.7T1-3M0, 95V

A, Ca.t + Coated Wiith "I'o -Proprietary Coatings
15 Co C i Al-Cr-Itn and AEF No. 32 1... Fig. 3. 0515)

10 Cr Specimen Type Simulated Airfoil, tIr- Fig. 3.U11)

AEP No. 32 coatin_ _ Al-Cr-ýNl Coatinug5.5 Al 1800F.,, 20 kSi 14 I)F, 65 ksl 1800F, 20 ksi 150)F, (A5 kSi 1.1501F, 50 kSo
4.7' Ti Creep Rupturo4.7 TiLife, firs.

3 Mo Spec No.
1,l t, 186.9 27.9 27.9 401.7

2 53..4 14t.3 19.8 401.6
3 21.1 11.5 7.1IN-100 4 1719
5 13.7
6 10.0

Average (1) 23.M 90.6 11.0 27.9 401.7

Peruent
Spec No.

1 3.8 5.2 3.6 5.9 .3,o
2 3.2 3.3 .1.2 3.7
3 1.2 1.3 7.1
4 3.3
5 ;.
.1 3.7.

Average "1. 0 3.3 5.0 5.9 3.4
(1) Based on !,og1 0 of Life (Averagca of Log Life)

TABLE 3.0474 CREEP RUPTURE LIVES AND ELON(;ATIONS AT 14150F AND 180111 FOR 'IIII WALL
ALLOY COATED WITH TWO tIIOPRLIE'AItY COA'IINGS

Alloy - N1 15Co 1OCr-5, %1-.4.711i-21-0.951'

Source General Iectric, 112)
Condition A. CGato

1500]"

40 ki 50t ksi
Life with sigma 90h 469
formation, lirs.

Estimated life, no
sigma formation, 80001 2011t0

TABLE 3.0.t81 IkINEF,'ICIAL EFFECTS ON CRIttEP: ItU'IUREt
lEtlHAVIOt ACIIEVED BY AVOIDING SIGMA
PHASFI•ECI' "AT11,-

Source (24) ,1) :1, 4, u, 14
All cy Ni-15Co-1Cv-5. 5AI--1. 7'1'i-!o.95' INo. 1 )(
Condition 1,or-ged sndl (llt' 1)ralcd (L)

-Is Nv - 2.29 mNvdilit N, Z.410 - ll iv Nv 2. 59
Test Tenip TIMe tW TiIll. III 1"n". '0.
b Stress ttuprulit ... .(115 I RA RpIltlhre il( . 251NI N tA Itupturt, jIt.1'01 IRA

e B i'e-rcent t'rerent I Ir'.• ',rc Ii'etrccnI It L 'cect I -Icercat

120SF,, 150 kot 27 -- 1 - - - - - I -

12011.01' SoFt~ 14, o05 2 2.5 12,1127 31 2.5 3,:(! 0~ i I
1:1001, !15,31 Sl 7015 2.5 1.5 8077. f" 5 (j'33t 5. 5 7
1421,', 951 kgsi 19.1 3.5 2.5 I 'l1 7 f; 19.4 !,5 11
1550tF 40 klI 1,F37 5 4 1,3_17 5.5 5 311). 11 12-516i251', 4,) kai ] 203 - 4 / 213'11 I 4.5 ] 1,5 I 8 G. 1 5

10001,', 201 kdi1 12!1. - I1f.1 / 122 5 I r. 122 )9 9 9.5
(1) See table 3.022 for actual u osgc'csttioon , I,'rginlg pu'tn.tocr. :Mc licat Il tr oo 1
(21 Average of 22 te3ts in s out eases

TABL.E 3.0,182 CRIEEP lcl'SitI)llU I'l11l'ERttIIES M-' It 11(;KEl) ALLOY IN 1II1EI'; CONDITIO1NS (i.'
I'ttONEN 1:3S TO SIG MA l' Al. I '11 l'l'AI1 CsitM-

0 E 4212 @1978, lelfour Stolen, Inn
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NiCo

REVISED: DECEMBER I~M NONFERROUS ALLOYS

Ni-l1iCo--1oCr-5.5iAl1-4. 7r1'i-3Mo-0. 95V(nornlnal: Ni
ACTUAL.: Ni-il * 53Co-1). 2Cr-4. 'J9AI-4. 10'1l-

3. 55MO-'j. 99 15 CO
AV ELECTRON VACANCY CONCENTRATION, 10 Cr

9v:2.29n
CRITICAL VALUEI OF Nqv FOR SIGMA FORMA - 5.5 Al

TION, ACCORDING rO M~ETIIOD) OF
WODA',SIMS, k"13 EAT7TIE: 2.32 4.7 Ti

ACCORDINGLY. ALLOY OF TIIIS COMIOS- 3 M
ITION iN NOT EXPECTED TO FORM SIGMA.
FINE CRAIN ALLOY PREPARED BY MOLD 0.95 V
INNOCLITATION - M
TIEST SPECIMEN 1/4 IN DIA ý 1 1/4 IN GAGE IN-100
LENGTH TESTED AS CAST

103

1400 160() 1800 2000 ______________ ____________________

T1EMP - F r iIC 0r .A-.FJi3l-.IVN TTlA.

FIG. 3.1:5 RDEPUPTURE CURVES FOR FINE GRAIN ACTUAL. COMP'OSITION FORl 3 LEPVELS' OFF N'

ALLOY OF CO(MPOIhiTION SUFFICIENTLY LOX% LOW V(. 0) N1- lIF'W0,, 10 Cr-5,Al-4. 10('1i-:'. Sl1,-,o. IV

iN Al AND Ti TO AVOID SIGMA PRECIPITATION mEtRISI Nv(2. 49): Ni-13.SCo-111. 14C7r-.Sl.29-3.5o0.M

(23. pp.3,9,1
2

) HIGH1 Nv N1)E-13,:1Co-1lo.12Cr--5. BAI-4.(iilTi-3. lid~o-fl. (NV

All. CASTINGS FROM SAME. 1AS E'li HEAT, ADDIITIONS OF Al AND)
'Ii MADE DUVRINGi CASTING TO AChIEIVE DESIRE.D LEVEL, (OF EIJEC -
'[lON VACANCY CONCENTlIATIDN(Nv)

AS CAST O1R EXPOSED AS SI OWE N 11R10 TJO TS

TIE'ý1ST SPCIMEN ý'IN lIA IWIl x V,~ IN GAGE lEND') U
vEXIOSED 1550F FORt TIIMES SHOIWN, 'I ESTFI' ATj 40 ((51 AT TEIMI
INDICATED

AS CAST
-AGED 250 Ill

--- AGED V.50 11HI

10,()00

4U KS1 40 1(51 40 ESL

10(0 - - -- ___ -- ____

100111-- ' " -

1113 P - I.*

FIG, 3.0)4B4 CRIEEP 11IITIJUII CIIRI')Vs AT V) 1(51 I-O' Alt YI IIS
LEVE'S LO(F E:LECTPlI N VACANCY CO NCFN'IL(A'1ION

AC BYAl)LS AlIMII OI''E OFlAl-TI i'12 A SI1NGIL HIEAT.

'lESTlEDI IN AS CAST CONITII'ION 010AFTEII l-XI'IISGDI
AT 1.50) (1') 2-R50 ANDI 2500111?lOI. (22,1.,:. 1-3,15)



NiCo
NONFERROUS ALLOYS REVISED; DECEMBER 1M7

Ni
15 Co
10 Cr

5.5 Al
4.7 Ti
3 Mo
0.95 V ____________________

I N-100 N-SEE IGUtRE 3.44 FRATi 3MOONIP(OSIIlONA OF ALLOYS OF LON,

MEDIUM. AND 111CR ELECTRON VACANCY CONCENTRIATION, ACHIEVED

13Y VARIATIONS OF Al AND Ti.

SEE ALSO TABLE 1.021 FOR OTHER DE'ATAIL OIF AL.LOY PREPARATION,
AND SPECIMEN DIIMENSIONS. RESULTS S11OWN HERE R1EFERI TO FINE
GRAIN ALLOY STRUCTURES.

DATA P'OINTS SH1OWN ARE FOR ALLOYS` OF MEJ-DIUMf ANI) 111011 ELECTRON,
VACANCY CONCENTRATION. DOTTED CURVES ARE FOll REFERENCE
FROM THlE LOW iNv ALLOY WHEREIN NO SIGMA FORlOIS IN TI TIMEIIJS,
SHOWhN. ACTUAL DATA ARE SHOWN IN FIGURE3:.0483

CURVES FOR ONSET OF SIGMIA PRECIPITATION ARE BASED ON FIG, 2. 0123
BUT COpRECTED PY ESTIMATION TO ACCOUNT FOR EFFECT OF STiEsSi

- - F ... r104 1 1 ()4 1  1 I

-MEDIUM NV(DATA SHOWN) I 1I-1I1FIG1 I 9v (1ATA S I OWN)
--- LOW Nv(SEE FIG. 3.0483) 5- A R(E FIG. 3.040)

2 401651 70 -. S ~15
103 1 (51 KS

5a 5 a ' a ' ONSFT(I)F
'a a ' \ 'aSICMIA(EST

2 2 'a '' ' a MATED)~

'a~~ ~ A, ' ~ \EI '

NSET OF 2 61

vS1 Sir.?,AIESTIMTATED 561

14I00 1600 1000 1400 l;fal() 1F000
TEMPJl - F TEMP -F

JIG. 3.0485 CREEP RUPTURE CURVIZE FuR FINE GIIAIN ALLOYS OF LOW%, MEDIUM,
AND IIIGII ELECTRON VACANCY CCNCE 'NTRAIN)N(NN). R1EPRESENTlING
1'IOGRESSIVEI..Y INCREASING TEND)ENCY TOWARD SIUMA PH1ASE PRE-
CIPITATION. CUIRVES 6110W IýThfAT STRO(NG TE],ND)ENCY FO)1 SIGMA
PRECIPITATION RESULTS IN REDUCTION OF CREE' RUI'T)I'ViIE' STI(E:NkTI{N.

CODE 412 UL1978, Ildiour Stilcia, Irbc.



NiCo7 REVISED: DECEMBER WMi NONFERROUS ALLOYS

NI-lCo'lO~"1.5AI-.7Ni-3~-O 1(I(NO1INI.)Ni-iNCo- SOC,'-5.5AI-4.7571-3MoI-0.95V N
N2-13. 97Co-1ý. 4Cr-5. OAI-4,82Ti 3. '(Olo-. 17C- AS CAST , 1600, 12 ((10, AC N

* (.I-l( 2,, 2ACTUIJ L"1l) 15 co
*O0'/r?

4
ppn C'I'LL NM)0.21C(IlilA SEC1'ION(CONST&NT CR1(05 S"ECTION) x10 C

IFM P'OWD)ER PARTICLE SIZE1: -250 TO III 5I A
NMI P'(WDEII [ART ICLE SIZ.E: 7,00 TO 144455 A

EXTRUDEDI AT 2150F WIT11 20:1IREDUC'IION TO 0 IIEIIuhM 47 To
[[Al 1/2 IN DL% x 7 PlI 0 IIXO)RtOGEN

eIIIYIIROGEN/MATEI( VAPOR 09
IN -100

1)3111AS PXTRILDEER

0 FM, P0OWDT)IRI
[INM IIIOWDRII 120

100 ZQ
5 - 500(fPSIG

1101

2

TIMIE TO RUPITURE - S.EC

FIG0. 3.64M1 ~EI RUP1TURE' PRIOP'ERTIES IN VEIY S11ORT 40-----

'lIME RANGE AT 1900 TO 21001F FORAl EXTrRUDEDl--____ ____

ALLOY P'REPARED FROM TWO LOTS OF 15 WDRE

(28, pp.Z'-4 TO V1-7, '1-l)______

0.11 1 (12 t
1
0

FIG. 3.041011 CREEP' 11UPlUPII: OF AIJOYl IN IEl'IIYI(JN
ANDI lIYntI)RQt(N/\ATEII VAPOR AT 1250FI AND 5000
1'2IO PRESSURE (26i. pp11. 1-NI *V11- 13)

I1/2 IN DILA I[All . 1 IN GAGE LENGTH
ANTr olt EXTRUDTED A' NDINUI FTD

"ISF1Q: TAIILY 3,021 FORt DETAILk( OF POWDIER
COMP'OSrITON, CO NSOIADATION I'A1AM ETI RS,
ANDRLIT P'RtOPERTIE•S OF AlIOY

* CAST: COARSE GILAIN(>30100 MICRlON)
* CANSI: FINE GIIAIN(" 15010 MICROON)
o GRAIN - COARSENED RM1 l'OWPTR(l0fI

L EX'lTRjllEl - OVERtAGFJ) NM P'OWDERt

V7 EXlf0I RUEI - OVEILAGrDI' M l'RWERE

2 1.8001, A, (7,-'t, 2 T S,t , ja l, 711. l M' f

2 l~~','19.2 x 1II"
lo-1 1 f 31' 10 101 C(I 11 $1- (",:If (05 31. ,- x 11 1 ;, I OV f 51011

'('ME TO RUtPTURE N - lilt lioroliog, It I

FIG. 31.14102 CRLEEP' RUPJITURE C-URVES AT' lOlll Foil AN 'lIR AMA' :. 0',111 l,'I ECI'0I'RI A1,11 IOJINUM PANE COA ING
ALo ol- V(F0'\AIII01,UN GRAIN N. ,ANDI Fill (IN Hi)VIA II NC KIEING RI N1A (1(;1L'I"
AIIAIY NI-XIRUDEI' FR1OM II(M1IA:IIN(28, J' .IN I (lA'lIE AUII liD rI:MI P l.'IA1TIlTl:

@1110, [cltur lulc, 
r CODE 4212
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NiCo
NONFERROUS ALLOYS REVISED: DECEMBER 17

N i Ni- SCo-loCr-5.5AI-4.75'ti-3Mo-0.
9 5

V

AS CAST + COATED WITH PWA 47-14L COATING,

15 Co COATING HEAT TREAT: 1975F, 20WIN + 1975F, 4 HR(H2 )

10 Cr + AGED 1600F, 121 ,

5.5 Al
4.7 Ti 1,
3 Mo0.95 V 4.0 -

2.0 -

IN-100 i.o - 1000F

SF0.4 0

0.2. .48

it H

0.1 10 1z

.0 -- .4 " -.

L IN

LE OIR0'UNIFORM SECTION -4.0 w0

-1700F 
-2.0*'

1.0 z

FAILURE 0.4
.4

SI I FIIIIIT CRACK AXIAL R -1 -

0 10 10 00 ,0.1

H -__ SECME W _TI ON INH AG ENTH

4.0

2 .0 0200 000F

CYCLES

FIG. 3.0512 LOW CYCLE FATIGUE CHARACTERISTIC OF SMOOT
HOLLOW SP'ECIMEN WITH ONE INCH GAGE LENGTH OF ______________________

UNIFOlIT0 CROSS SECTION AT TEMP ELA.TURES1 FROM
1000 TO 2000OF IN STRAIN-CONTROLLED CYCLING Ni-15Co-1(0Cr-5.5AI-4.7ri -3blu-0l.I5V

(1, p. C-8, C-12) AS CAST + COATED WVITHI PA 47-14j,
COATING, COATING HEAT I'llEA-T-IIENT:

H 1975Y, 20 NUN 4 1.75F, 4 HR (111?
10 AGED 1600SF, 1Z DR.1

0.4

-- 0.1 *-
<•1 --• 1 IN GAR.'

~~ 4.0 CYCLIS -1)

S| II,;N~ (;I o 0'

14 tl " -1.

, dialll't -r •* - ,lianiolecr

TWO GIIOUf'S 101)0 AIIIT OF1" H OI.E EACH, hIOLES
0, 030 INCH I)IAMETAIh SPACED 0.1211 INCH APART

1 1O 1( If)D(1 1,11)0(01
CYCI I,1:

FIG. 3.0513 LOW CYCLE FATIGUE CIAII.ACTEIIhlhT'CS AT 1700F OF
IIOLI)1W SPECIMEN WIIII TWO OI F ,111 IDLSCGONAL

IHOLES (1, p.C 8, C12)

CODE 4212 @1976O, Be~lour Stuln. Inc.



NICo I
REVISED: DECEMBER IM NONFERROUS ALLOYS

AS CST OLLO TU~lA 81'CI.ENSourer Iliynnis (10) p. 10
AS AS HLLW UBIA 811WIENCondition As (ait, Tested in Therma~l Sl1-k (b) 15 Co

INTENALY hATE iW LOBIO nAT-N~itlier of Cycles to Cracking

ING ELEMENT.15020110 C
flare 5.onA

TSEAT10FCoatin~g C' - 1) > 500 (a) 2no .7 T
i6s' -coating C'-Si - 2V3 M

Ia) TIWO teats, skipped at 500 cycles, no) cracking I
(hI Airfoil shape alternated for 6[n secoads in furnace 0.95 V

5 at test toraperahure, then go Seconds is water spray

TABLES3.05121 'lERItAtJSHOCK FA'nov: N10

2 SItAPE N%1l111 ANT) WITI-IOtJT
ALUMINUtlM IlASH COATIING

Np1p, Nlec, flop

Ni ltCo-lO)Cr,-S.5.At-4.7T1-Stto-ll. )51,'

17001' SEICCIMEN StŽCAIO PLATE S a S .0600IN WITH

x CEINTRAL tlOI.E 1!2 IN UISA

2 IIOLE PERItPtEltY IIEA1 FD BYT NATCURAL
Nl-GAS-AIR BUCRNER~ TO) l7oOF, 2 StE:N COOLED

jo-I B Alit. BLAST, 2 MlIN.

1 10 102 10 jo

CYCLKS TO FAILURE

FIO. 3.0514 STRINtdtANCE PARTITIONINCG TIFE
RIELATIONSHIPS FORs CA9T ALLOY
AT 17001F (40, 1".13)

Ni-lSCo-l0Cr-5. 5AI-4. 7Ti-SyIo -0. '35V looI-

SIMULATED AIRFOIL. AS SHOlOWN

1/4H

UU
AXIAL LOAIJiNG; 1O50F, A - 0,067 Z

_________________Al-Cr-Me COATINU, 11100r1 oý FIt. :.S.0512Z 'II'lO1I AL. FATICCE, IIES1$TAIICE O)F.,qCAIOE,
1. 5 IER + 35 lilt COOLI F'lO~l PlATEH ILNIlIl)lY HEIATEDI ANt) COORLEDI AT
P'ACK + 1000F. 55ý lilt. PEl1i,111 Il *lY 1)1'CINTRA I 1101,F, A NT) CO(-01

40~ltt ~l TiIE-tIIAL FATIGUCE tli,,SIJ;TANCE-
U-(OF OTIIERI COTMMONLY USEI) CAST ALLOYTS

_________30 w____ (30,1 p. IS)

ito t.nas AXAL -ATCIEATP 10501 32 SOAINtjE, 11(1.11
AIEFOII.S P COTN) ITII POL'(EAI Cl 2060IF,

w~(0 pp 7,l03,04)lil

@107, Denursule. ~n. j~~21

I ,,1 5 104 1LPIG 07 1i



Ni oNONFERROUS ALLOYS RPVISED: VECMEPAE 197

Ni-15CoiOCrl 5.5AI-MV7T-WM-0. iiV 1 M-lS0--lO2v--1.5AI-1. 7lJi-2l51-0. SM.'

Ni CAST' .OCOATALUMINIDNE COATING) 2100F, 2 HIS+ CASTA J0(COAq'(AjITIMINIDE COATING) Oil
15 co 17010 F. 1)1 (In DIIDEC1hINALLY SOIjIFlED)(l) ()Il Ds

0l1 11i)SOCTIONAI.1,Y SOI.IDIFIED(D.S) 0OP D6slOCOA'2 -610COAT
10 Cr (2500FO, 2 111 1700I., if; 11i) 21001.", In-']il 170111 11. il I5.5~~ Al IN11 CYCLE.'S IN FLUIDIZED BEDS, TF11 l 'IEPN 11 P11117 E B P :1so A (0(5. A MIN AT I00OF 3 MINI AT 19I(05 FOJ01.1B4 3MN TWtb4.7 Ti 3 MIN AT GO0OF (11 :1 MION AT2065F, 1'01.1.0OWED DY 3 AIlS AT

3 o NASA T!A'1-BA DSýflT-XLP COAT SEF FIG. 3. 0523 FOR1 SPECIMEiN 8N1-rTClII
0.95 V MA-R 1,1200 DS4NOC~rAIY OVERLAY

IN-100 NX 183 ITOIST-1A COAT ,r Eltw100 1+1T-AOT

- IN I0 n) iJOCOATR\10)3,4.I A

SE FI0S -.0IN AN0j0 lIl' 11,(0

NASAASTAZ1)) 1S;1EV 'il (NASA WAZ-211111115CQ0

IN A ITEIIN A 'IV' NASAl~l ii 8A D1SAl TW

U90 004 WROUGHTi

(1 ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 9 10D 10600 1,000,00 iOC-IC ~l4 ~-lo-l 5
CYCLES0ý0clxl TOu FIS C06C AiNDi 675i SSllXT M r4NAS(A 

S , Xr l- A T I l) 1 5 (I l Ii X ii 'l -

111- 51
NASA WZ-Zo IC OA

2)11)1 ---------I -
RENIE80 1 _ _

IN 718 SE FGS. .0322 AD 0 10 lo Im Iv oOP-11 ~ ~ ~ ~ ~ -:3(32 ulinXE'1ý C)cLST 'lS ~c
jjý ;t-f~oý F ASCASTALLO

U 700 CAST FIG~~~.' 3o1. HRIlCPC x~xI NO
W1)- 52 ASCSO IETo \A' O DF

TIARM 20i4JOl-I NI A.ITHI F: ~VI.A~ IDP J 14D.NTii 'i) Xil'1162

~~I421fl MilIS I200u, 17II19,25,In

PAG 7046UGIj M 22



NiCo
ACVISED: DECEMBER 197 NONFERROUS ALLOYS

AS CAST 0OR COATED WITH PROPI'ETNigY ALUAIINWEP: AloNi1ClO-2Sl,7-3-0OVI
CAMBERED AIR1FOIL AS SHOWN (LEADING EDGE lAtTEN- Con4

1
iIon Coated withi Al-Cr-Mnr i-AEP No. 32, sec 15 CG'

.05 IN) I11g. 3. 0515 fo3' COainlg 'Patment
HEATED IN MIACIL I IWLNEII TO TEMP tNDICATEG FOR Op clean, Type 01at anoo1lated hoillow airfoi-, see ýji. i. Vi 10 Cr

3 MIN, APID AR COOLD T(ý 6? F Ts t eauil U-too tle 1ý1O 10. 5 1'.i. 410 nor-,at 65 A
Ce~dti.. 25OFl Nse,- cooling with RjTair,.Speinlico irtlot~te-

Sodtin Id ith 1-Itsoesecoot Penetract 51lter every 100 cycles 4.7 T!
I Spanzr-coC5'elcs, hi Fatigue'C~zvit M

-j ICoaing Ufi Cnrpa ei soil With best, fi)W

lilACla I JET FOR 3 SUN _____ _____worst alloys I~cA 0.9ed
r FLLO3WI3II DY COLD Atli Besýt Worst L

JET TOIC F [Bomnber Al-Cc-Sin AEPNO.3I' F1 No. 3 2 4 oUn41 0  
JoCoal Onl IN -100

14808 6"11 50 1)
2 :1060 505-I 85:v0 440~

3 19310 19i70 850 3411

104 ~____ __ -____ 4 1ii1A)0 10)77 79519 260
I 5 3 5-17 LOWt 70(1- 230

Gi 1iI0l5 9K3 (1 250 211,
7_______ G85 831 2010') 170

01ý A,. lined on
-0 L~og. eyclrn6 to 1834 180l C040 296

SCOATED failure _____j__________ -

LAD1LE 3.0528 TIIPRtMAI, F~I-W (tTT lK t-IIINWAS1.A ALLOY

rUNCA TDlTII TWVO 11OIUEtl'~TAIY COATINGS

1.021 SPECTEI) '1`0 10. 5 EST1 laNS11,E 11)-Ar

SIRllESS A'ND.'Nt TELIIT-:RA-P''N1 CYCLING

1450170 1k000 Jm 2o 2000 Fo NI-iS10 -ltu .AI-.7T-l,-.S

MAX TEMPI - F ASý CASI AI~t's iAy I\I TO NIBILEAR

FIG. 3,01526 EFFECT OF hIA-XIMiM CYCLE TEMPERFATURE ON (1A3.052lI 1OS l~ I 1. .32

TIIERMAI, FATIGUE CRLACKING 05 COAT ED AND TESTED) IN MAC21l I JET1 AT 2000F] FOR~ CYCLEFS
UNCOATEr'D AIRFOILS, SIMULATING TIURDINE BLADIES CONSISTING'( C01 1 lilt ArT E)' -EI V' OOL TO) lR
SU115IECTF.D To MIAClI I GAS FLOW FOILLOWEl) BY IN 3 S~ilL'.
"RPID) AIR JET COOLING, (4b, p. 655)

TIIPAtMAI. CIIACKIN(; OKSiI:IVI•I IN COATING

Nl~1Cc~lCr~5 SA-4jLlt-2o-0.ISVCOIltElAT'.ON OF I'IITNT.' Ot' TILRMIiIl

GAST WEIIGESPIECIMEN, SEE- FIG. 3.0121 ClIAtKIN(t 85111 PIOI'ARAII-TIIIL DIEFINE])

C;AST I2100F, 2 l111S -+ V01W-, 16 CR5~. IN SKNI-]C11 IIEIC'W

AS (ITT OIlt COATED WITHI COMMERCIAL0
COATiNG, (JO COAT) TES-TED IN FLOWD- A,10-O IXWR1TUI
TOED BElM, 3 NUN AT GOOF, 3 MIN AT 1008,- A 021 I IX 0-0 I AI

5' I _ _____TIIPIIIAI. FAIIGII-
GRACE GIIOYTI1 RATE ILEFEIGI TO AREA GCILWTII iIC-ttlEtYI
ATl EDGE OF WEDGE HAVINO INITIAL RADIUS OF 1-T p lt0 L -~L

t 0241 IN-(
SEE FIG1. 3.0523 Hi) I'm I 12 TO) 'IINA T

U ~ ~ ~ ~ % KIW- ALAN ill']IV 12 ec- 31
-a )11- PA I-:))-F SI 'L'E: (IF All

C13 ______ AX WHICII 'ICAIN XT 15 IN'l A

illooCOA1 l- I

La S~CAY'Ii-11I'tND

10-2 A _______ 11----------Itl 11111:,
1- '-r 'i; (,ý2ýFl-AN) 'rI I Il AIIII(Y

.'"ll All (Al. I 'IS (NASA '111WVIAl

.0 I-tO.3,9:,211 '',l(IAT('N IM P ) VITII I I 1I. '1 1II-I(INIAI.

5- ~ ~CIIACIvINI , LiI'll)t \klK11dI'i (;A~lf, I 11 I'AILATIIIFI-31
1 ________ F,)___ ______ ______________1'It A I.I) N COI 'l -S ILK \AlIIII:S \XAYS(t'-,Lip. 14,11")

CYCIA101 TI) FIlRST CIUACE I, IN ECOATEIN ALLIOY
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NiCo

NONFERROUS ALLOYS REVISED' DhCEMBER 197

Ni NI-lOCo-lSCr-2. 5A1-4. 7TIi-2l~o- 0. 95V Ni-DCo-lIoCr-5 SAI-4. 7'I-31 Mo-S.95VlNi WROUGHT lOANS PRENIARED FROM PREALLOYRI) VRoUGoIT BARlS PI'I1IPAHIAD FROGM l-

15 Co POWDERSI All)'-J PL :lOWI)EIL.S
SOLIJTIONED AT 2050F, STABILIZED AT 160OF AND) SOLIIVTIONED AT' 2105W, STAIIIL1YEB AT

10 Cr 1800F, PRECIPITATION HARBENSI) AT 1.20SF AND 14001 16011 AS!) 15001', IIRECIPIITATION HIART)

5.5 Al EIN 1:1) %T 1211111A NI) I 4suF
AX I2IISE FTro 2130 1(0 AT 1%110F1' L -'235 K51

4.7 Ti F-Ty 142 KS3 I TY - 142 i<51

Mo1 e 241'EDCENT :1. 2-1 ECT

0 .95 o 2O E VAIATIO 30534 FOll PASTIER)N OF SIl HI .1

0.T H AIAIN IINp.ES1A 1-C I-
I N100 350' COST[NUOIJS CYCLING, c 1.Ii; - (T;~NRSI.:1I - -- _

I, .2 CONTINUOGs C YCLING-
_______ ________ _____ C 5 MIS l0EL (.3311'. 12081'

.i AT M4AX STRHAIN

A ~1 102 2 II s s

PERCENT PE"lC0.80 CYClES.I! IAD DROP11

150 1.42 1.0 FIG. 3.0533 LOWA CYCLE-, FATIGUE- AT 1J2oW) G'Q l1OýlIER
PERCENT PERCENT MNT7AOICRlY BAR1S IIElANIII lIT 1IRAITTAND

'WHITNEYl AIIICj'I-IA FT ATG}OIZIN( ..PW)IRGCS)O

101)A'f A lOIN-1 S I)EIIISE'NT CYClES ToI 5ý
0. M P ERCENT IlPAD) 13)1), 0I7, )1G;. 14)

1 
2  

1()o2 5 2 5 10o 51041 5 105
CYCLES

1.1G. :1.0531 STRENsS RLANGE VARIATION IDURING 1GLOWCYI.E
FATIGUE TESTS AT 120SF OF POWDER METAILLURGY N-ISCol5C(r-5. SAl-4.T70iI ,5

lI -PRPRD 13Y PRATT AND WHITNEY GATODt- CII'iS~lI~l IIIlII-]l151(:

WING ROCES (37,FIG. ) P10/I' 4101 ENGINE. A11lIHIN 17 IN 11.1

PROI)UCEDI 11115 "ALl.-INI:I)' -I P11 D11) DY
PRATT AND WlllIW NlY AI1lGIIA IT GA-Il 11113.1(1

NI-SCo-O~r5. ~l-4YTI-3M-5.ISVPROCESS
WROGUIT BARlS ]PRFPAREI FROM PRI-- HENAT TIREATED in' '10IFtO l'.II IN I- PkN IA
ALLJOYE-,D POWOEDS 1026 SPRCI1ICAII N
SOLOTIONED AT 20501, STABIILIZFED AT jSEN 1113. 4.11 Fi)) 1 1-A\Slt 1,1 lIIII: .
l6OOS AND 18551'.PR1ECIPITATIONIL ARD- Alloy IROM Coal l~I mIlI 115k~l
REND AT 1205p AND 140SF

AT 110SF FTU ' 230 NSi 110111() CYCLING; I-IllI 5) SIP' TI1) IAN SI LAIIN
FTY = 142 IC51 erlTHrITNTOUT, lqe, ye

e - 24 PERCENT H x SplE"CIFIEG

RA -2501PERCENT X.

20

w 1. CONTINUOUS CYCLING (
0.Q J 03:3 l11~ ___

15 MIS DIWELL,
a) AT MAXNTSLAIN -0 1

K TRIAIN

CYCoiJ-, T) 1FAILUREN

FIG. 3.05-34 IWU CYCLE I-ll:] Al 121111 oF SI'FI-3:IMP:
FIG, 3.01532 lA1W CYC LN l IATIG UN AT 12001.' OF11 IIWP ElI I-lilq 0wj:1 WON ll-IA I - .U1)1)y CI MI 151,101) lw5)1

N I-ISA I RAGY GAllS III SPA D INIly yIY I'~T AND(3,1G:)
WHIITNE;Y G;AITI0111ZING_ 11 o~UiiýS. I)A I A lOINS'
I11(l:1 'Il- N' CYC I,I'N¶G COMP'LETE: FRlAGJ'I lE

(.37, FlU. 15,)

[ CO DE 4 2 12 (p137L, Ikclfour Stulen, 1zý .
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NiCo

RFVISED' DECEMBER le9-i NONFERROUS ALLOYS

POWXItII METALLURIGY TrURBSINE DIlSK AND)N

FLAlIS I-S. ORCJNG 1I11)1)UCLI) BY- I'A 15 Co
ISAT'I(1,IN)], E-liHIGIl; P'ROC ESS WIT1) H II 10 Cr
FM hILO\1INC TE'NSILE PHOL'NlFl i,

11'Fr 31.,FTY 141 KSI c-=2 5.5 Al
PERCENT. RA 24 PEIICINI

12001: 1'rIU= IK5 E0.1, F-1y 1-L LIZE, o- 
4.7 Ti

24 PI'EICENT- HA 25 PERt '1.3 
Mo

1350F: V
1
Tu 11 I W . F14\ 11 7 1,481,

19 PERCLN') XAý 23 PERICEY1 0.95 V

TESTED UiSING NVOLSPIECINIEN AS, SHOWN IN-100

15 0. 1)

5)1-4

120F 25 r SC'l TERI)ANDt SHOWN FROM COMPACT

601 
IS1FC., FItS. 3.10541, NET SECTION STRlESS

TI _F .7I-7 AIPPNOX 21) ESI. SEI,-CTI P) DATJA POINTS

24-~4T (NOT ALL SHOWN, 11UT ALL VOL.). IWITHINL 1.2 LISCATTYRBIANI)) FROM C14IENTE CRlACK
2 ')SPEC_. SHOWN 11EOIA , ILAVING A1PPIIOX

107106 KS1 NP-1 515UI11'.,..1RrEbo

NET If]) 5211

rIOJCKNESS -0 1

III 
5
KMAX KýSIVl il

FIG. :1.1)541 13ASIC CRlACKI GROWTHI CURVSS AT 111T, 12010F,
10)1FFO CO NSTANT AMPjjiTIIIE II)ADING

OF NVII) SPECIMEN (4)1, TABLE 1, FIGS.1 3)

It 1). 1 l E

10 10 -11

2 -~~~~SCAT1;1IAI I
9, IIJJA 1(10 COMPACT

(Ii);. 3. 05411 WITHl

5 OlAI A HI) 5T 'M F) CIENTER CRIACK

01)15, 7 K~l) AlI)) WE vAT 12W511

b 1 1) 2 S lilt) 2 5 51191
Al( - (SmIAN

111). :1. D)5,12, EFI;I31 OF1 ElV1 SEITIIN STRES'SO(N

CIUXKCi• (M11I'-ll IltA';P Al' 1.1,1W
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NiCo
NONFERROUS ALLOYS RFVISED: DECEMBER 1I7

Ni Ni-ICo-10Cr-5.5AI-4.7Tri-3Mo-0 95V
MODIFIED COMPACT SPECIMEN AS SHOWN

15 Co IN FIG. 3.0541
10 Cr TICKNESS AS INDICATED

5.5 Al
4.7 Ti 1

3 Mo 1
135OF

0.95 V (.5 c
2 - /0,5IN

IN-100 1
10-1

1200F
2- (0.F0 TO 0. 9 IN)

10-4

5AS S11OWN LN FI[G, 3. 0541 l

S~~VAHIOU'i TfHICKNNSSEIS AS INI)ICA'T'I)

Cl. ,icr3 'um .•.•

2 '1 2 Iý : ý , T.o INI•is
10-35 

oI
2 5 10 2 5 100 5 1000IN

K - KSI/OIN KIC - 14.3 IC 1 14• 1

FIG, 3.0543 EFFECT OF TEMPERATURE ANT) SPECIMEN
THIICKNESS ON S1STAINED LOAD CRACK
PIHOPAGATION RATE, (20, pp.4,8,13) 5 -I]

'S- -j
75 V

2-

10-7 5 10 -2 1 5 l 1000

0I. KsIf/IN

I, 1G. , , I,;l'. O1,' SPI'IM: ENI,:Ix '1 IWIKrCDkS (IN
CIR CK (;11WTIll ilATE AT HT, P2l. p1.4,'R,9)

CODE4210, Iolfour Stolen, 4212
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NiCo

REVISED: DECEMBER I= NONFERROUS ALLOYS

' N1

NI-ISCo-IOCr-5.5 A -4.7Tt-3ho-0.95V 15 Co
COMPACT TENSION SPECIMEN. SEE FIG.

3.0541 
10 Cr

VARIO US T HIC KNSS ES 5 .5 A l
44.71 T1il

10-2 3 MO5 120of2 JI •NE D WEY, 0.95 V
A.1 T PEAK

STRESS IN-100
2

10 CPM

10-3

S2 -- 0.5 CPM

S20 CPMI

S 2 -

5

2 -

10-6 NI-15ICo-,OCr-5. 5Al-4. 711-3MO-u, 'SV

COMPACT TENSION SPECIMEN, SEE

5 FIG. 3. 0541
VARIOUS TRICKNESSES

2 -

1 z 5 10 2 5 100 2 5 0ooo

6K - KSII410 10-3

FIG. 3.0545 EFFECT OF FREQUENCY ON CRACK GROWTH 5 - 135•F

RATE IN CONTINUOUS CYCLING AT 120OF 10 CrPM

(20,pp. 4,5,6,8,25) 0 0.1 00FS2

Si0-4

5

1 C-.10oo

6K / - KSI,/[1

FIG. :i.054G EFFECT OF TEMPE}'ELA'I'UIRE ON CRLACK{

GR~OW'TH[ RATH ATI10 CPMI, It = 0.1
(ZU, yp. 4,5,G,8,28)

@)1978, Belfou~r Stdole, Inc,

SCODE 421122
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NiCo
NONFERROUS ALLOYS REVISED: DECEMe•R IM

F NiI-5Cr-lOCo-5. SAI-4. 7Ti-3Mo--0. 95SV Ni-15Co--lOCr--5. 5Al--i. 7Ti-3MAo-O.! 05VNi COMPACT TENSION SPECIMEN, SEE FIG.

15 Co 3.0541 MODIZI'LDI COMPACT TENSION SPEC,
10- Cr VARIOUS TIoCKNESSES FI.. U. .54. SEVERAL , THICKNESS AS

4 .7 T i 1l _ _
5.5 Al 1,,- I . . .- -q -- -s-•--0. -

3 Mo 120OF 2=00, 0 |
0.95 V 1oC o. 2 / 1 -2 --

S 2 - - -- - -1--[A -rn ~ ~ s- -

IN-100 0-.14 T
""10-4 o." o '..1) IN

5 - - -0 0.30)5
1 5 -- 00,501

w - 0 0.501
22

10-5-10 -

2 hf"6
I -0 

1 2 1o 2 100 o % 5 1000

1 2 10 2 5 100 2 5 1000 0 1 - l ,I IN

e, K - iU- I v -IN FIG. 3.0549 EFFECT OF Sl'E('IMRN THLICKNESS ON CRACK
Cl3.O7TITI RF ATT AT 120 F CONTINUOUS

FIG. 3.0547 EFFECT OF STRESS RATIO ON CRACK CYCLING AT 10 CI'S) (20, pp.4, ,11)
GROWTIt P-ATE AT 12001', 10 CPM

(20, pp. 4,5.6,8,26)

Ni-15('o lOiCI" 5.-,1Il. 711- 7 Mo 1 .! I

CI)I~i'A(.""NSI()R SII'CIMiN, ,I;E FIG,
:.1.)041

Ni-15Co-1OCr -5.5 A|-4. 7Ti-3Mo-0. 95V
COMIACT TENSION SPECIMEN, SEE
FI"G. ;1.0U541

VARIOUS TIIICKNESSES

5 -,11 )0A
20 CI'S - H 0. -

I 2

I0-5 11F4

St -0.8
.4 5 A

I- '2 1 C)(VII I-.IS ,

It 0.5 245l ,, C 2 T'IS

10-6 A VI-

F g['.- KS' ------I, --1--1 .

5 C' (' A .\' ll I 'It CV IC I IM

2 ()V l-: 1.1ý '5 XS A [I-]F))
[Vuj1E B~LOCKS j%1

1 2 5 ill 2 r 11o0 2 5 10 1(0" l
OK 2 KN/5 2 1 2 5lo

FIG. 3.0548 EFFECT 01 4rREIiS; RATIO OIN CRACK FII; 3.,1 IICI ;RAI 11 Al J2W)1 I IIDEI I'Sit ItS

GROIWTHI RITE AT' 1I10F. 211 CI'S. IV) (A.:J A".]W) \%[I Pit IC-N -01Ik'
(20, pl).4, 5,G, 8, 27) VI:,1-:I(Y 5, 20,(11, ( ,I (CN I.S(215l7 . 1. S n, 4x)

C OD E 4212 ©,. kl~rtln r.'
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NiCo
REVISED: DECEMBER IV78 NONFERROUS ALLOYS

Ni
COMI'AC'3 'P3NSL33!. MPECIMN.11 SEE FIG,

1)4.TIIICKNEMSS 3.250 INITIAL CRACK15 c
LE NISTI 03. BO1K 10 Cr

5.5 Al
4.7 Ti
3 Mo

-20 CCLES.0.95 
V

k - IN-100

2 INDICATYD EVERY 51ST
CYCLE

5 5~ PERCENT 304
2 -- NODYKIOLOAD -OVERLOAD TIKES022I

FIG. ~ ~ ~ ~ ~ ~ INTA CRACK5 CRACKO 0.936h AT130 NIEINNINOSI~

2YLN AN WITH 2 5 PEC (it 205 PERCEN K. - J 0I

GVE1ILOAIS EVERY 21 CYC I.NN 423,p,,, 6,0,47) ýONE CYCL1~'

101

5 -. 1230F

2 503 PEROCENT
OVEHRLAI)A

)I 25

5NO 1 PERCENT
OVERLOAD / 'VFRlLOAD

i31NTAINP.II LOD~l
-. VEIII3)I) AS

ShO(-WN EVPIRY 2

1 2 6 10 r,' 1310 2 r. 13)03

K. - 1451 JIý

FIG,; 3. 0,51 CIltACK 3133 Iil AI 201 1 : 2333. IN) 3111SIM'SAINE'D
3.3 3/31 AND WIT1

1
1 25, Ij'CI3CN1 (?H1 53 III'lItC E-NT

OVEIIIA)A1 ):VI;IY 2 OIOrSsII.454,

5~1978. BoMour btulon, I=,coE 21
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NiCo V
NONFERROUS ALLOYS REVISED: DECEMBER 17

Nil15co-lICr -5.5 A-4. 7ri 3h,,o .95v

N i I I I I I I I I
15 Co COMPACT "TENSION SPEC, SEE FIl, 31.0511

10 Cr -I 1
5.5 Atl __ CENTEIR CIRACKED SOPEC, SEE FI'.L3.5425 ATIIICKNEEN 0.125 LN, .IlACK LI NGTII

4.7 Ti 0.12 IN NT ,SECT •SOISS'101 KSM

3 Ma
0.95 V 0- 4

IN -100 5 - .2 MIN DWIELL AT PI¢AK

2 -0.1

12-

1 ]0-1 VCOI,1ACT EN;IONMIPCIMENI SEE

-1 4 1"G. :. 0341 A ll, SPECIMIENS

- 0 CENTER CIIACKED SPEC., II1II NET 5 APPIROX 1/4 IN TItICK

SECT STRESS 1I I
oI COM1PACT TENSION SPEC., LOW NET 2

2 SECT STRESS -0 "2
.1o+ iS2 !1-• -

2 5 in 2 5 Ioo 2 a 1000

Z) K -EKSI 12/ ___M_

Fl(;. 3.0561 El-sECT Oil INLI 30 31, OTIES ONCI'i3 2)0 MIN DWEll,-
GIROWTII IRATE FOI 2 MINUTE DWELL AT r 2
PEAK STIIE•- AT 12010 F (20,pp.4,51, 6,8,18}) _w 10-3

1 2, 5 1l1N
5 IDWELL

NI N-lS1o-10Cr-5.5S1l . 7Ti 3Mo-,! V

I MODIFIFD COMPACT TENSION IPEC, 1. 10-4

3.0541 SEVERA[, TIIICKNESSI , A.;
I0_2 INDICATEI) -- - - 5 /

iU-5 J • -

3 I• _ - _•/ A i- • •1 • + O,.+ ,
1 2 5 I 2 0. lo5 10

-4 ---I 'II

50.061I FIG . 13,5.1: T11IO010.C IME AT PEAK
SID '124 -SHESl'S (IN elRACF GOIIT H ILAT.:

Pý ~AT 12)100, Itl 0. 1.

2lS W (20. 1pp, 4, 5, (, 0,32)

NOTE: .1l)0 IN SP'EC PROIPIIAlGATlII

IN |IIEK N1O11Es (I & lit)

1 2 11 5 1110 2 • 10) I 0

,(IG. 3. 011,2 EFFECT OF S';('1rIr:N 'IIII.I'EE5S ON CILACK
CItOWI Il RATE A] 1201) F. 2 IN DINWELL AT
IN1AX l"lA)), 10 (:11 III'[?NO VAIIABI,-: OTIlESS

P'E:IO)D} (20), 1,3.%4, 8,12)

@197U., llfoaur Stulen. 1W.
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•i " NiCo

REVISED: DECEMBER tM NONFERROUS ALLOYS N

NI-15Co-lOCr-5.5AI-4. 7T1i-3Mo-U. 5V qNi
COMPACT TENSION SPECIMEN, SEE FIG.

3.0541 15 Co
TrICKNESS 0.23 IN 10 Cr

INIrIAL CRACK LENGTII API"•OX .84 IN.5,Al

Y,,1 4.7 Tioi• .3 MO
SIIN -

40CCE-oDýI~ 0.95 v [
-~ I-100

OVLO-EROA

__,2 MIlN I)WEL1.

io! 50 PERCENT

zoo4~ ~ 5 PEfr~ .RCENT

aOVE•.LOAD

/4 25 PERCENT
SOVLERLOAD

I0 -5
- Ni-19Co-1OCr-5.,AI-4.?'ri-3o0-0. 95V

COOIIPACT 'I 6iNSION SiEIMN EE FlG.
z/ CONTINUOUS CYCLING 3.0541

NO OVERLOADS

10-6 ///0 I ION I

lo-6 7-[[- CONTINUOUS CYCLING @ 1SICL E/r20 PCIS, R S 0. 8 WITI1I 2 5
ERCEN R 50 PERCENTN N L

OVERLOAD EACH 41 CYCLES,
(OIL WITI1 2 MIN DWELL AT,

l0 TIlE 50 PERCENT OVERLOAD.,
1 ( - - I I I I_ _

- 5 )2 5 100 2 F 1o0 J

-- [ (20 CYCILEStS

FIG. 3.0564 CRACK GROWTH AT 350F AT CONTINUOUS 2L,0 C111 i

VCVCLING. OIL WlTTI 25 AND 50 PERCENT 2 2__ MIN DWELL

OVER•LOAD), OR WITII 2 MIN DWELL AT TaE (

50 PERCENT OVERLOAD CONDITION 5
(20, p1 4,5,54,55) CYCLES ''

40 CYCLESS I1 CI'I 4

S -(, 1•0 C 1'i 2 MIN DWELL
2 MIN D(IWELl,

~1()-:i
120101'

j ILAELINE
US• 10 CIll

lit 4 No DWELL

2 5 10 2 5 100 2 5 11100

FIII. I.,115115 INTI'ILAtCTI(I N 1I: IF .I A C'YC t'1: "ATIGUE'

\IrlTI 1 , EI 'lltl IWXS AT MAX LOADI FOIl

"T'52Th AT 12111F, It 7 0.1 (•0.L,1., 4,ii,7,33,:'4)

(01),378, l~clour St'Aen,, IM .C[ 
DE.4212
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N iCo
NONFERROUS ALLOYS REVISED: DECEMBER 1M7

Ni -lC-O-5 il.713o0

15 co COMPACT 'rINSION SPECUIMN, SI F.

10 Cr FIG. 3.0U541

5.5 Al N I MISSION 'YCL"4.7 Ti NCc,- 1-=1 "3 Mo
0.95 V

IN -100AtL

40 YCES / 20 CYCLES
40 CYCES -,p10 Ci'm

1 1 CPIII 2Mh EL
2 NUNR DWELL 2MIDWL

w bo-Z -- ___

54 5
13U 10 C1'CL133S
H=11. 1 4 10 CCim

z 2 MIIN FAWE!!

04 - I (

BAELN Ni-I,5Co-lt'Cr-5. IA1-4.7Ti 3Mo-. 0IjVL;
- hAS1 EcliNE POWDER 1,D-LUOG V~L SEI

INO DWELLm 01017111r~ITNE DISK ASlESCRIBEDIN

44 ,,d/'Vv4\ Kol (SINGLE: OVEIOLOAJ))

I 5 2 I kDFLAY4 CYCLES OF CEUMtION
2 bulo 100 5lo 'OEIA) GROWTII

~K K S v' U INTITIAL CRACK GRO WVI -1 '1RIO Uk

FIG. :3,0566 INTFRAUChI'N OF LM0 CYCLE FATIGUE TO OVERLOAD
WNIT1! DWELL P'ERIODS AT MAX [(JA~l FORl 105 ----4-
TEST'S AT 13501', 1 0 .l(

2
0,pl'.

4
,.

7
,
3 3

,3
5

)

2

C C61200J.
.L2-

~10 13,51'F
0

102

I Km2ax - 23.2 KK~I,/lN
2 j-

1.14 1.2 1.6 2,0 Z. 4
Kol /Ki-x0

FIG. 3. 0571 lIE lIAY CyC IN 1,1. 10s 'J( I II) TM111TL y
lifkSIC IlIAC K GIlWIlMl A:11 %V StlINGlE CYCLE
GE 'OVER11f4AD. IIASELNE Ellwax 23.2 K14LV7JN

(40. FLGs.2,4)

010I70. liehlour Stule, Inbc.
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NiCo

REVISED: DECEMBER 1IM NONFERROUS ALLOYS

ý;i 11C-10C~-5.5A il*. 711 *:01~-1,9W LX' t. ,I.Cr-5.AI-4.7Fp'i-:(?,o .0,9V N
jil LIýEH MFITALLIUIIGY MotL, SPECIMEN S ' AN 100F, 12 DRi, ACNI

ILIUMT, TURBINE DIS8K AS 1)F--SC IIIEI) IN FWI. h. 180 IN DIA MIIN SLLlION, AS SHOWN 15 CO
:i. o.,41 R- 10 Cr

~ __________imi, LAIT) ~4.7 Ti

I.I)ELAY CVCLES/ /CRACK GRNV 1t 3 Mo
-Iir\ICIO.CI( GROWI'lI 

0.95 V
liRv1(1' lIVEN IIWAD CYCLES I-D

12

10:-1F'. 000151
5a

00

1010 102 10:1 104 105 106

2FIG, 3.0582 111611 (:CL.AXtAL FA 1IGUE it,101

I" PRSUR YDROGE.N AND iI~lUOM

1. .2 1.0 2. 0 2.4 AT 15F(20ý. p.1)1. -10, IV-4, D)

Kol/KnhIx

FIG. 3.02DFl. CYC INNlPRIORS P) RESUMPlITION OF
IJAS1IC CRACK GIROWTHI AFTEIISINGLE CYCLE
OVIERLOAII.13ASEiLD4E Kniax -35.2 KSI v 113c ;.II4.l--TlcIlJI

(40. 2.3S).21 AS CAST HOLLOW ' UlIRAR SPECXIMENS
__________________A APIl OX. 0, 45 IN 01), 0,39 IN ID

Ni17CoIl-S )Al4. 7511-3Mo-I. 15' INTERNEALLY HSEATED) 3Y GLO)BAL
1 

HEATING

AS CAST 1011SUF. 12 lilt, AC E.LFMVNT

1. 211 lINA. SI)A SHOWN

AXAIAL LOADING TESTEDI AT 1700F

It 0.1 N~

755

In

6 , Nel (NiCc,7

- -4

Nc

I N - 55. -. 44
-I: I -1-- -. --- 6 eLp II. 41(NeC) 6ILcc0. 033 )Nitc)

H 0 1IElI 150 4 &

nnn 0i I''Il(O: 1 n i 11 1n1~ iD4 1 in 102 111:1 194

-
CYC [hI-S TO FAILURIE

1 InI 11,2 111o3 In4 il-' FIG. 3.01)141 INEA'0;AIC STRIN ILANGE NIS. LOV.-CYCLEi

CYCLE' 'WI II AII1Ilh PATRIGUE lIFE FORL FAChI PAIIPIONRI-) N'IJl.AIN
RANGE I: 1 MI')HENr FOR AS-CANTTT'IGNAALL

TILL 1) W'r81 1.11 c(XLE I.E 1ATPN 1. A'1 12,5111 IN 7TITINC AT 17!01'

111,111 IIIISSIIII: IY11\)MGIN ANID (49,1).23I), (53 ,p.4 & FIG. 6)
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NiCo
NONFERROUS ALLOYS REVISED: DECEMBER 1978

Ni SOLID TUBULAR SPECUCEN APPROX 1/4 IN DIA
AS CAST -+ VAPOR PHASE ALMIJ4NTZ El) COATING,15 Co Al 'UMNIZE-D AT 210SF, 3 SIR I ARGOJN COOLED

10 Cr 1o-2
5.5 Al nclm-.0207(NCP) s~ EN_ t 0c-I 67Nx

4.7 Ti 111t Npc

3 Mo + G

0.95 V aio-3_

IN-100~

I ~Ni lSCo-l0Gr -5.5A1--4.71 3iTSlo-U.115V

10-4 _____ -___________IREALIOYEIS 1'0%\1)Eltq
10-2 SOr 057(pplJ A1cO\(EcD'0 SlIS~~ AT 2,050F, Si'ADIIZI-IS AT 1600SF

6EPP. 0'7(Np)_.5 AND 1805)1 RK CIPIlAT ION IIAlBDENRD AT
En 200 ANII 1415

l652S~AT 1200lF FTU = 20l0 ESI TS9tliSS FOR

1- It A 25 PERCEN'i 100111{=147.SJ K.Slj5 1000fD1"127.6 KýII
NPl'' 1 Nec

H I j ~~~TENSILE SRS-lll

1(o 1(
2  

1o4 ijs'ti i02 so'
1  

so

CYCLES TO FAILUREu§A L STRAIN 12001

FIG. 3.05142 STIL.AINRlANCE' L'AITIONSNG LIFE I6ELATIONSIIIPS 0-

AT 16521' AND 103:12F FOR AS-CANT ALUMINNUM- '0 L TLI AG
COATE'D ALLOY (541,pp. 4 -10) ~TtLSNNHNI

N r4-nmI IINSII,)- STRAIN--S 151.1

Ni-15C,-5. SAl-S ,?5Ti--:1M. 0.95VSV
lIO)UR-GIASS SPECIMEN 0.20 IN DLX AT ALIN I 120.F

SECT. 1.6 IN IIBUHl-GIASS lAD, S3IN INNUTII (
GIFT FRBO1 CRNEI'-FBIIMED (CATRIOZEI) ) - TALSIXNRNE

DI1SK 1OA1 TANING

SOLUTIONFI) AT 21101', STABILIZED AT 163(00F
AND 1800F, PR SECIPITATION IIARDENEI) AT HS , ------ - - -

12400F AND 14OOF HU RA % -- i1:1 1'AI- S'1ISXLN
p'JMV

0
'-C'C I JNG

TESTED AT 1400F 1. 0 -1 STRAIN

10G1 C1 1-I IJ 1 FA 10- in

70- 1 11 -FG. ".--1ior;, I.STRAIN l'IANGI V", IsLW-CYClEI ~~FATIGUE LIFE AT 12001 OF1 'OWl 'R

NI'S ] ~ leI'SUX'l'l & W11ITNEY GATORIS.ING_

)10 4 I IION (' SING, TlENSILESIIF-
Hu- H ~0'N'- , o~0I8(cq*OLD), ANDS TENSILE STIIAIN-ISOLI).

s 1 ' If, 1 1,

41 K ______ 
Ncr

1 If102 150 : iS~ iF(1
CYCLES TO FAILUREI

-1G,:. S.1514:3 L'Si:L.AS'Ilt STI5AINRANSK WS IANS -C) CLIE
FATIGUE LIFE FORl EACHI I'AITITIBNEI)
STIS'AINILXNG(F CONII'BFNIr'l' AT I100"F.
SlI'S-CIISF:NS l-FI'I CiFS-'151l (GA'l(1lF-

17:))TI'l5N5' DOEN (53,p'.4 & 11I.,5)

CODE 4212 QI1978, lkelfour SI~ln, kne,
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NiCo

REVISED: DECEMBER IM7 NONFERROUS ALLOYS

wllOIIGTIT MRSW PIIEI'ARED FRlOM 15 co
I'IU2ALLk)YEI PONVdI1i2 

1 C

81.r FWC. 23.05144 FOR 1)ETAILUS Or hEAT

TREATMIEN7 AND RESULTING TEINSILE AND 5. iA
CREl' ROIERTIZF4.7 

Ti
3Mo

0.95 V

-0 
IN-100

7. 'D 120

0 -RAI'ID NTIMAIN C VCULNG SEE PIG.

1---TENSILE S(TRAIN VOLD FORl ADD.

11 STRES-1[OLI DETAILS 3

10 I03 L * 12

CYCLES TO FAILURE

FIG. 3J.05145 INELASTIC 83TR.AINRLANCE VS LOW CYCLE

FATIGUE LIFE AT 19()0v ()F POMDER

hMETALIAUR1tY BAILS PRIEPARED DY PRATT

ANDl W)IFI'N1Y GATORIZINGT1 1 PflOCE-S AND 280 -- ---

TE.STED UNDER1 IAprr ST11AIN CYCLING, tr3

TENSILE STRESS_-HOLD, AND TENSILE

STRAIR-IOLO). 1 '' YNMI

OFTASTICIT

1B

16
0 400 00(1 1000 100 a(m r0

0
0 24"')

VIC. 3.062 DYNAMIC MODULUS D)! ELASrICHlT U2.~l -7)
(11,p.114)

1978, hiehlour StUlen. Inc, 
4
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NiCo
NONFERROUS ALLOYS REVISED: 0ECEMSER 1978

15A Col 11011)LK RO 10 - 12t1.iTAEO
15 Co rl(ti/[F40J FENGINE. APPIIOX 17 IN 1)tA

10 Cr PB~ODUC1E 1LD1 FO"ALI. INERT' POWDER BY
P1lATIT AND WhIITNEY GA'rORI)'ING, PRO0CESS

5.5 Al hEAT TIEATNI) 1Y 11OM)11CArION OF 1'WA

4.7 Ti120SJCFATD4
3 Mol
0.95 VV

M-100 2460 -

~N-101

~200 -___

1- ]
40

0__

20 t

11 400 800 1200 1600

Ft(;. 4.111 AIElIMANICAL P'll) 11IEi'1, FROM 1101 lT TO 1300F

OF S PECIMcIENS FROM THE 'II i)I - 1201 STAGEF
COMIPRESSORI OF? 100/M40l ENGINE

(36, Fig. 21

Sicc~e (4) is:30, K31
Alloy Ni-5CISCcc-5.5c-. lP\I-I 7T1i-31%1, 0.95Vy
Conitidton As Cast and Macchinedl Toc Fir TI-c-v NSecimci A., Siccwn
Tesl 'rer-pcrature o

Spe!cimcn I Ii Trc-c AttL-co ......cc Ixac,cl'd cviii cliclcg
11(1%~c ccc L cccl- c'Fixtcrc'. VIctihi rc, in

- 1 N 1 S0 Ac'ova (). I(; IN Dimenicscion As

LOADIJNG c t.c cc) illcc 115 KSI

AXI6S

FAILUD', SE"CTIOLN

LcIecsiinccn N-c cccc~lScis:A I-cA

TABILE- 4, 12 Rloom~ 7Ni~i'iNijtATUI1 K TI-:NSJ ),: It NGi111NiI 9)1 -l' TIRHEE S!MINcIIAi(IN
TJilRIINE IJ3c-hiE ATiFACI'IiciNT

CO~DE 4212 @10b, D1ccIour Atccen Liu.
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NiCo

REVISED: DECEMBER IM, NONFERROUS ALLOYS

Ni
15 Co
10 Cr

5.5 Al
4.7 Ti

Ni 1( 10Cr-5. •A, 4.771-Mo-,.,,1V 3 Mo
AS CAST A MACHINED TO FIR TREE SIAPE 0.95 V
AS SIIOV N

lOADD IN TENSION BY MA']TING WASPALOY IN - 100
FIXTURE

0,16 I'-

.FAdILUR E SECTION

Al, STIEl.:O CALCULATED FROM LOAD

AND FAILUP E SECITION, NO STRESS CON-

CENTHATION 1 ACTOR APPLIED.
U

r, 100

N. 50
TE5TE') AT

"1400F

0
1 10 10o) 100

LIFE - RImS

FIG. 4.13 CIREEP RUPTUF]E AT 1400F OF FIR THEE

SIMULATING TURBINE BLADE ATTACIIMEN'l
(47,pp. 31,107)

i B1e076, Iilour Stulen, IU. 
COE 4212
PFG E 61



Ni~V
NONFERROUS ALLOYS REVISED! DECEMBER 197

Ni Sore_4)_p_3,8

15 Co AlyNI l5Co-10Cr5. 5A1-4. 7TI-3MSo--0.IIIV __________

conditon As Cast and Machined To Fir Tree Specimen As Shown
10 Cr Test Temperature _____________

5.5 Al
4.7 Ti

3 Mo Specimen Loaded In Tension i Vibratory Bending3 MoMoment. Stresses shown are nominal stresses

0.95 V across failvrv section (no correction for ctress
concentration) beading stress at outer fibers

1N100 of f,;ailure section.

FAILUROE SECTION

-Static Stress, ksi Alternating Streis, hal Cycles tn Fail.ý,71

20 15 3.1 x 10"

20 30 8. 7 . I
5

20 5 for 10t' cycles + 10 for 100 cycles 3.5 a 10,;
15 to failure

25 5 for 106 cycls 1 10 for 10" cycles 2IAN X 0
+ 15 to failure

15 15 - 91.' 6 10(;
(1) It fuailre did not occur In 10' cycles, alternating stress was increasecd for ain addiiiinal 1o0 c:ycleS,

if necessary. If failure still did nJot ocur !i 101ý, alte-rnating stress was again increased. Failure
cycles shown are at the last alternating stresqs shown.

TA.ALE 4.14 FATIrUEl AT JIT UNDERt COMBINED STATIC AND VIBRAnWILY STRESS 0OFTUIU.IINY
BLADE FIll TVLEE1 FA3TENING

Source (47) pin 25, 26, 31, 87, D54

'est 0 .15xU Bar Electron Beamn Welded In Similar

S~cmOJDesrilbed Below ha letNcie

AsWn ,elded IlHeat Treat (t,, resterngthen apao)
Conito 1 l1F our 4 15S0F, 4 Hour 1'1IO001, 16 llour 4

j~cl.~ n Approsimlmntly 1). 3 s 0I.3 At Te st SectIoin
TQF-t In.

Pa3slo Strungili Min J-,,IN1015
of Welded Alloys MfnlF 

1
tus W;UiJMlOY 185 Kýil At"1f

(ionditlen De-ternelsd Plo'S:eghKl ~~to alr
by X-iiay P'rior to Test Flu-s''nt S oain( alr

0)"od 112 We'Od

Weld Craekb
1 1

l) 891.2 "ei

(1) caUused by loss of lettilfty It, IN 1IO0 as renlIf of chang, in

Inkero.Itivetr durinog welding. ________

'lAII1,l; 4. Z11 RtOOM TEMPERtA~TURE 'lE1.NSIII: 'rtNCIti

WAELI3MENT 1 it WASI'AI.tJY

@)1978, Itellour Stulen, liv.
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NiCo

REVISED: DECEMBER IgM NONFERROUS ALLOYS

kSource (42) pp 25, 26, :14, 87,94 N
Alloy Ni-15Co-SlOCr-5.SAl-i. 7'1-3Mo)-0. 95V51
'Test Specimens 4 1.58 0.5 iar.'lctron iooomWelded fto Similar Waupaloy]3ar. After 'leaot Treat, 15 Co

hMachined to Soecoices mdcscrib(,d below. 10_________
Condition Au Cast iWelded iHeat Treat (to rez;f.rcmgthen Wasliclloy): 185OF. 1 l1e , 10 Cr,

4 lir 1400F. 161 hr + Machinle To Approximately 0.3-x 0.3 at 'lnt SeCtion 5.5 At
Test Tee crature. 1400FW
Ceedltiot ;lotermlird by Strest, at Fuilore 1.ile LoIcation of Failure 4.7 TI
X-Ntay Prior to lest LeCatiou,(ki) (lir)3 M
Weld Cracke 

1  ~ 91 0. Weld

Weld Cracks 415,5 76. 5 Weld

Weld Cracks 608.2 1.11 Weld
(1) Ce'.uqed 1)y loss of ductility ii:IN 100 aos ruoult of change in mslcrostructure during welding.
(2) Fallort in Waspaloy, weld still intact.

TABLE( 4. 212 CREEP OWUPTIRE AT 140OF OF ELECTRON B3EAM?, WELIIMENT 7B) WASPALOY

toinrce ____17___________pp___ 2j~!,,I I6S:1, 87
F Alloy NI-I 50~-1 ICr*-.. 5AI ---. 711-:111o--. 95V

'I C.%l Spec imeni 4 x 1. 5 x (75 S liar Elucrtron llco m Wvlded 10 Si uui or Wa.rpaloy Ba.r
Itvat 'Pecuilmeut au Shows 110mlow Mel~dned to speccinjec S0iapv Shown

0 0 * Steady Load ApuIII ci Axially, Vibratory Load
Applid jciNO~rroll 'Io l'lantA Sp-Ci men

EAil,poaim.,tely 0.,12 a .09r, Thik At Miniomoum Section

Uoodilior Ao Gas I Welded ,Ilcat Tra(to restrrogtlIue We1,.ol,,y'l 1850p, 1 'ir
1550F, 4 lIe - 1400F, i. 41 li

Silo FI" IN 100 - 115 1(81 t R

Milo V1 t'opao - 16(1 1(51

Trot 'I'o,peratur, t
Condition as IDle rodoe sltloi Steeuu Vibira tory strtesa1 Cycles~l
by X-itUy Prior U, Tlest 1(51 KS b(1'0Lailuru

Weld" CerMus
t
0 Q1. 2 .82.2 x 10

Weld Crmuku[
2 1  

f12. 2 4.9 1 .7f, x 10"
Good fiZ.2 4,9 >Io

C'od 61,. 2 94.0 K2,4 67 10(]

(21 Caused by 1u,,88 of ductility In IN 1001 ns reoilt of ehanFpc In micri,,oructoec durilog weldIng

TAI3LL( 4.213 1-'A21CGUE A1 hR UNI2IEl COMPIilNlih SIA If AND) VIDIiLAIUIIY S1,.(lIS 01
ELElCTRION IS1AM WE'L[)MENT '110 WASiALOY

4D19871, Bellowr Staten, Uw, CO E__4E212

P AGE .63
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NiCo

NONFERROUS ALLOYS REVISED: DECEMBER 17

Source (47) p 2 28 38, 9,1 110
Ni Alloy Niioo-100,-- sAl4'i 0..V

15 Co Test bpe.,troen and Brazing

10 Cr A' -A F;F.es A l a id C and CI MaeDoubile
l , Fings B Fit Intu hfollow 131. Prior u) BeIn81g

4 0005 Ni Plate Deposited on Tjnes . 900F, 310 MIn
4.7 Ti -ASA1DY _~ c ~ To Bod. For Brazing Clearanc .s. 002 to .,0'04 1,

3 Mo - ,4 mnt~d0.95 V ^••o
Brazed In H12 At 2000F, 20 Mi.. Diffusion of Brace O1F00F, K 11r 4 1900F, 8 Hr 3- 195001, 5 firT.

IN-100 Following Braze BtT to Restcengther, Waspaloy: Fast Cool From 1950F tn 1000F At 40tF Per MIl 4
1550I, 4 hlr 4 Cool to 1000F 1 1460Ft 16 Hr _

Min I-tu IN100 115 KSI0
Tesn Temparatvre tT

MIin PF Wanpalay 180 10•1

Brace Area h'cess Location of Failure
Percent K,31

90 11Z MBlade Batdius
90 100 IN 100

hoint F in Sketch Above

TABLE 4.221 ROOM TEMPERATURE TENSILE SItENGiTIl OF BIlAZED ATTACHIMENT
"TO WASPALOY

Sooce____________ (.17) ppl 20, 205, 30, 131l, 1113 -

AlloyNi1i-or-i.Si4 T-o-I t _____

Boipt At scst Section Appros-, lo- oly 0. 35 IN
lestH

Specimen I :

WASPALOY FAILURE IN 100S__ • " \ •S,'c "'l)'. l,. 4.2211 For 114l,11l. (If

S'� 'd�: ' F i ;eometry of lir[aze1 Surfaces and

.Hl~u.JAxial Load Alluliesl lic Steady Stress
A- '-I] - Alt lvnatlogi• Stres, Applied By Itetozalit Vilbration

.- 1.40 --- -. I'll /
I'T-1, Tcnmprah re TIT

Static Stress' 1 Alternating Strva; Cycles T, .'l1ilr1P

K -5' K,91 il 2)___

2 .. V 230.4 I
14,1 10.2 fur 1 0 'i cyces I '.. (; for 101 cycles' 6, 2 x iI

4 17 In falluro
60!1 for 1)1i cycles 14 10.2 t,,r 10; Iyooli-s

21). 4 13.6 fl or1.0 tO " 1'le i 17 fit 10i c-yclu!i 2. x•I0s1

4 231.1 t failotr',

6.9 Pr 00(1 cye•le 10.2 f-r 10ti :y.Cis
:11 11.3 taiorel. 20 X104 INt. 6ofialhuI-

22.- 143.1 1G07

(l) All fal]otrco; ;it ytSit' C 33S3 SMietliUNi 'If IN 100

(2) If falurce did not occur I1, 10 i (yisl('O;, altni' tilng stroSH wati 1o cr'si'd fir! aiu ltie Ii l 10' ryi,'i:
If n(ie.ea -y :it tle' ooIt hilgher stres.s lev(,I showcn. Failure cye

3
I-s slhowe avce fc" la t value oi

altornatlng strew; llsted.

TAlI 11,: ,. 222 FA -('1301U AT IIT UN DO II (1 3M 1315N INI 'J'A'l1(' ANt1 VI t11l I ' S It\ 01 II, " Ill AAZ 1ll
JI)lNT SIMULA'11N TI)It(IINE lILAH. FlAM'TIKI-IIHING TO WVAl'AIlY

CODE 4212 ®1170, Ilfour Stulen, law.
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NiCo
REVISED: DECEMBER 1978 NONFERROUS ALLOYS

Source(5)p20
AllayNi-15t-o-luCr-5, 5Al i.7i '-S3o .ns9v Ni

Co~nd1yitin Cast mid Bonded To L17010 by FID Priocesas (1 5 Co
l'est 1eimpcratur, 14001' 10 Cr
Balse Metal 1N 10u, Min KSI '-t Al-. 1 019
Itonpieieeneto at 1400OF1-0 MIT, KSI },, 135, FLI 105 4.5 Ti
Bonlding Ftu Fl (iA Foatione.7 T
Condition (1401 (10W (7)loato 3
210001, 4 lien 137.3 128.1 2.3 c. I IN 100

2000P4, 4 lBen 141. '5 127 5i.2 101.3 IN 100 09
260014. 4 Hen r 1-10.4 127 4.10 i. 4 Hold Recgion I -0

2100P4, 4 lIeIs 13(8,1 124. 4 4.2 10.3 IN 100
2looP, 4 t1 es 134. 2 128.1 1.7 2. 3 IN 100
2100P4, 4 Irn 14?. 8 1220.4 b.1 5 . 5 IN 100
2100F, 4 lien 1514.8 1 121.8 3. 8 10. 3 IN lilt
(1) 1'ins P'ratt and Whitney Airecraft iProde Namec for Transitiun-1,)qnid-l'hast, Bond by adding thin

layer between suirface~s to he lixnded and eapesing tos tu-iipraftirc near mnelting posint in vacuuom.
Mel~ting temiperature depires~swit (Bouron) Is added to bonding alloy. Slne alloying elemnilts of base
comipcsltino Ii. v. Al. TI, C) ace restricted tn preevent formnation of stable interface phases.

T,'ttLE- .1.2:)1 TFSI. PRBPEI-11ES Aj* 140014 FORl T)' BOND1 BIIE'I'WIEN CASTF AILLOY AND
WIOOUGIIT I3DINIIII4T 701)

lREFERlEt NCEi-S

1. Stewart, ().,1 ,andl Vo1gel W.1IT., ''11V inItIeI flor Si in itnun, W. V. .,and( unn ie, It. N1 'Ca nipi I ationofa
1'rcdiet itog Trhermial 'Siross Creacking in Tols'inte S~taie TFrasit Naises, Speeificati'msq , ad I 'rotincer of
anti lot'tr I'de.'NASA CltI-lii3ii. I'WA-314.l, Staoic ionsAlloys anti Soperall ic a'', &OTIstI Ba1t, Serien

2. Collins, B. w-.lt agg. 11.-., ''Carbide iott 1b. .aint'en"'Wti. I lo. basv~ iu, lI. B. ,''ac~ n m5sil
interr'onictaic Insiability in Advauacdt Nickel-JI .Ici Index of 'Trade Names, Spec ications , as'' t'r,:shsrs

SýImeraltc,yl;." Paperip.7sentd at ASMNall~c llt, Stii 1 4lv, ndSuea 0ly" S': 7 2l5A(172

Steesgilt Nickel Base Al loy,'' (19104) Clarek t'eptgaii't,'', AP I'S .-Ti'(-71i-17 J Nov. V176i)

IN-100 Allay, alias oif 1ractun Nl' mritinis at IIca-l'e~caoen'
5. 1''rsco:l C',rntvids,,i,-cii, BIBI', tI' TItaterials' Al'Bt. i'l).7fii-'1i Part 1B fAtril 1977)

Il'c'tiprties Da~s Ceultkr , Noseir'Ier 11167, l,:tce-ti on 21. Collinis:, iI.. . ''l~iedie' l~ong T'irme Stalillit Ivof Caritide
co'ntp~ti tton wider' p repsaictilj'i for A!STM -AISTI-irIiot atnd late rtuetl lie 'bacon in Nithel -13:tnt Sueltrai loyn''
C'n, In!itOt,-, on Pie, l-ffec La of '1- niieratorc o tSthe, Irtits ASN]. Vot. (;2, N' I 1 (ltre 19610)

Prpries , sitallos., 22. treestliflul, Hlobet l ,and Aebit,''cb, tRiebard, I.
6. Wasivlm-wshi, 6. E. F..' Nieikei -lian Ss.e~i i alýy ''r- O'tk b'ilstervatiotns ''it ttce 1-cr ctii,,t 5f Sligltt 'ase'

Oxit~la io"n', A58 FttI.lt-I 6-:30, i-tw, 191'7) In a Nickel lBane Nn)era~lioy IIN-1 (li)' NASA 'IVD B-401 I
7. -ticte,,t, , M. awla) 11,01, A.MH. ''Scefac, 1'ealmeirtl (Sept. 1970tl

icei Nickel asni Nek,-t ((sac Allays''. NASA fJ't -1- 23. U-rsitfi 'It, It~iirr L. tidAsihettot , Milhard Li. ''Slgona
5-314h0, (April 2o, notil, F-'11'' 1il' :'set,., d Ile Ettf"cl on SiiecS--i~tptoilrr
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